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FOREWORD 
This report is submitted to NASA, the Mission Analysis Division of OART, as 
part of the final reporting on Contract NAS2-5022, Optimized Cost/Performance 
Design Methodology Follow-on Study. 
November, 1969 and was performed in three general phases: a sizing and perform- 
ance analysis, a definition of design data, and a parametric cost analysis. The 
This five month study was initiated in 
Study Manager was I;. M. McKay and the Deputy Study Xanager w a s  D. W. Haas. Other 
study personnel included B .  Nelson, D. Chambers, G. Pease, V. E. Henderson, 
J. Nagy, A. D. Trautman, R. H. Calhoon, and R. Sanborn. The NASA Technical 
Monitor was C. D. Havill. 
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ABSTRACT 
The two basic objectives of the study were to size zero stage strap-on 
rocket motors for a Siamese booster/orbiter shuttle concept and derive parametric 
cost trends for two NASA shuttle concepts under current investigation, plus the 
Siamese concept. 
The approach to the study was to use specific vehicle weights and 
descriptions as input data to the cost model, developed under the basic OCPDM study 
and derive parametric cost trends for each vehicle as a function of variations in 
cargo per launch, total cargo requirements, launch rate variations, operational 
cost variations, and reusable versus expendable zero stages. 
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SECTTON 1.0 INTRODUCTION 
The a n a l y s i s  of f u t u r e  missions and t h e  eva lua t ion  of systems t o  perform 
missions r e q u i r e s  continuous updating as mission d e f i n i t i o n s  vary,  as t h e  candidate  
systems vary,  and as improved eva lua t ion  techniques become a v a i l a b l e .  Cost has  
always been included as one of t h e  eva lua t ion  parameters and r e p r e s e n t s  a n  area 
where increased emphasis on c o s t  reduct ions has  con t r ibu ted  t o  r e c e n t l y  improved 
e s t ima t ing  techniques.  
The b a s i c  Optimized Cost/Performance Design Methodology s tudy,  documented i n  
McDonnell Douglas Report Number G975, dated 15 A p r i l  1969, provided a method of 
using c o s t  as a b a s i c  des ign  parameter i n  i d e n t i f y i n g  and d e f i n i n g  more economical 
space t r a n s p o r t a t i o n  systems. This study w a s  performed i n  s i x  t a sks .  Task 1 
involved developing t h e  c o s t  d a t a ,  organizing t h e  d a t a  by c a t e g o r i e s ,  and develop- 
ing  c o s t  e s t ima t ing  r e l a t i o n s h i p s .  Task 2 and 3 developed t h e  requirements and 
t h e  phys ica l  and f u n c t i o n a l  c h a r a c t e r i s t i c s  of t h e  a l t e r n a t e  s p a c e c r a f t  subsystems 
and operat ions.  An a n a l y t i c a l  c o s t  model w a s  formulated i n  Task 4 .  Task 5 
developed t h e  l o g i c ,  d a t a  and methods f o r  sys t ema t i ca l ly  varying t h e  design and 
ope ra t iona l  s p e c i f i c a t i o n s  of each v e h i c l e  configurat ion.  Using t h e  d a t a  and 
t o o l s  developed i n  t h e  o t h e r  t a s k s ,  Task 6 determined t h e  economically optimum 
design and o p e r a t i o n a l  phi losophies;  s e n s i t i v i t i e s  t o  program s i z e ,  launch rate, 
payload s i z e ;  and t h e  problem area and technology l i m i t a t i o n s .  
The purpose of t h e  c u r r e n t  Optimized Cost/Performance Design Methodology 
Follow-on s tudy  w a s  t o  e x e r c i s e  t h e  c o s t  model developed i n  t h e  b a s i c  s tudy f o r  a 
family of f u t u r e  s h u t t l e  concepts as def ined by t h e  NASA. The primary o b j e c t i v e s  
of t h e  study w e r e  t o  (1) s i z e  zero s t a g e s  ( e i t h e r  s o l i d  o r  l i q u i d  p re s su re  f e d )  
and d e f i n e  d e s i r e d  v e l o c i t y  d i s t r i b u t i o n s  f o r  a simese b o o s t e r / o r b i t e r  concept 
and (2)  d e r i v e  parametr ic  c o s t  d a t a  f o r  two s h u t t l e  concepts under c u r r e n t  
i n v e s t i g a t i o n ,  p l u s  t h e  Siamese concept. The approach t o  t h e  s tudy  was t o  u s e  
s p e c i f i c  v e h i c l e  weights and d e s c r i p t i o n s  as inpu t  d a t a  t o  t h e  c o s t  model and 
determine parametr ic  c o s t  t r e n d s  f o r  each v e h i c l e  as a func t ion  of v a r i a t i o n s  i n  
cargo pe r  launch, t o t a l  cargo requirements,  launch rate v a r i a t i o n s ,  o p e r a t i o n a l  
c o s t  v a r i a t i o n s ,  and r eusab le  ve r sus  expendable zero s t a g e s .  Operat ional  c o s t s  
were der ived on t h e  b a s i s  of the work performed i n  t h e  b a s i c  s tudy and were a l s o  
f ac to red  lower t o  show t h e  e f f e c t  of v a r i a t i o n s  i n  t h e s e  c o s t s  on t h e  
t o t a l  program. The c o s t  d a t a  used f o r  t he  zero s t a g e s  w a s  provided by t h e  NASA. 
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Two v e r s i o n s  of a f u l l y  r eusab le  two s t a g e  s h u t t l e  and a,  
s t a g e  s h u t t l e  concept were i n v e s t i g a t e d  as shown i n  Figure 1-1. 
conf igu ra t ions  designated Concepts "L" and "M" r ep resen t  r e c e n t l y  completed 
s t u d i e s  performed f o r  t h e  NASA-LRC under Contract NAS9-9204 and f o r  t h e  NASA-MSC 
under Contract  NAS9-9204 Schedule 11, respec t ive ly .  The b a s i c  c o r e  v e h i c l e s  f o r  
Concept "S" w a s  based on t h e  use  of t h e  o r b i t e r  v e h i c l e  as defined i n  a r e c e n t  
s tudy conducted by McDonnell Douglas f o r  SAMSO/AFSC, under c o n t r a c t  F047-01-69-C- 
0380. 
r equ i r ed  t o  achieve o r b i t  i s  provided by zero s t a g e  strap-ons. 
t w o  and one h a l f  
The two s t a g e  
I n  Concept "S" both c o r e  v e h i c l e ' s  are i d e n t i c a l .  The a d d i t i o n a l  AV 
The purpose of t h i s  document i s  t o  p re sen t  t h e  r e s u l t s  of t h e  study. 
Sect ion 2 con ta ins  a summary and a set of conclusions.  
s tudy are presented i n  Sec t ion  3 whi le  Sec t ion  4 summarizes t h e  c o s t  data .  
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SECTION 2.0 SUMMARY AND CONCLUSIONS 
Parametric c o s t  t r ends  f o r  t h r e e  f u t u r e  space s h u t t l e  concepts have been 
de r ived  and are presented he re in .  Two of t h e  s h u t t l e  concepts r e p r e s e n t  two s t a g e  
v e h i c l e s  developed by McDonnell Douglas under c o n t r a c t  t o  t h e  NASA. The t h i r d  
concept r e p r e s e n t s  a b a s i c  two and one ha l f  s t a g e  conf igu ra t ion  f e a t u r i n g  
i d e n t i c a l  o r b i t e r  and boos te r  c o r e  v e h i c l e s  p l u s  zero s t a g e  strap-ons. 
The b a s i c  i n t e n t  of t h e  s i z i n g  and performance a n a l y s i s  of Concept "S" w a s  
parametr ic  i n  n a t u r e  r a t h e r  than opt imizat ion of t h e  concept. 
involve core v e h i c l e  l eng th  and o r b i t e r  AV c a p a b i l i t y .  The b a s e l i n e  conf igu ra t ions  
f o r  t h i s  s tudy considered cons t an t  l eng th  c o r e  vehicles f o r  each of  t h r e e  payload 
s i z e s .  The r e fe rence  f o r  t h e  co re  v e h i c l e s  w a s  t h e  50,000 pound payload o r b i t e r  
(165 f o o t  l eng th )  as def ined i n  t h e  SAMSO STS Study. 
conf igu ra t ion  used i n  t h i s  s tudy i s  t h e  only conf igu ra t ion  s i z e d  t o  near  optimum 
condi t ions.  By f i x i n g  co re  v e h i c l e  length,  t h e  AV c a p a b i l i t y  of that  v e h i c l e  
designated as t h e  o r b i t e r  is  increased with dec reas ing  payload s i n c e  a d d i t i o n a l  
p rope l l an t  volume is  made a v a i l a b l e  i n  l i e u  of payload f o r  t h e  12,500 and 25,000 
pound payload cases. 
p rope l l an t .  The o the r  opt ion a v a i l a b l e  considered t h e  AV c a p a b i l i t y  of t h e  o r b i t e r .  
By holding t h e  o r b i t e r  AV c a p a b i l i t y  constant  t h e  c o r e  v e h i c l e s  are s c a l e d - f o r  each 
payload, assuming a cons t an t  payload dens i ty .  
The primary op t ions  
Thus t h e  50,000 pound payload 
I n  t h e  case of t h e  b o o s t e r  a l l  payload volume i s  used f o r  
The r e s u l t s  of t h e  design phase of t h e  s tudy  are r e f l e c t e d  i n  t h e  weight and 
c o s t  s ta tements  given i n  Table 2-1. RDT&E c o s t  estimates given i n  t h e  t a b l e  show 
t h a t  although Concept "S" weights are considerably g r e a t e r  than both concepts "L" 
and "M" t h e  development c o s t s  are lower. 
involved between t h e  two des ign  parameters (i.e., weight and c o s t ) .  
v e h i c l e  concept analyzed t h r e e  d i s t i n c t  payload s i z e s  were examined i n  t h e  range 
from 10,000 t o  50,000 pounds. On t h e  b a s i s  of t o t a l  g r o s s  launch weight Concept 
''S" i s  the  h e a v i e s t  co.nf igurat . ion wh i l e  Concept "M" y i e l d s  t h e  lowest weight 
configurat ion.  
i s  a t t r i b u t a b l e  t o  t h e  zero s t a g e  strap-ons. 
i n c r e a s e s  2 t o  3% when t h e  zero s t a g e  is considered reusable .  
Concept "S" conf igu ra t ion  i s  t h e  expendable/l iquid zero s t a g e  case. 
Concept "S" each payload s i z e  is  contained i n  a cons t an t  l e n g t h  v e h i c l e  equal  t o  
165 f e e t .  
Th i s  serves t o  i l l u s t r a t e  t h e  t r a d e  o f f s  
For each 
I n  t h e  case of Concept "St' between 45 and 60% of t h e  t o t a l  weight 
I n  a d d i t i o n  t o t a l  g r o s s  launch weight 
The h i g h e s t  weight 
I n  t h e  case of 
2-1 
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The b a s e l i n e  conf igu ra t ion  f o r  both Concepts "L" and "M" i s  t h e  one contain-  
i n g  t h e  25,000 pound payload. 
payload case of Concept "M" i s  considered t o  be h igh ly  o p t i m i s t i c .  
con f igu ra t ion  w a s  generated e a r l y  i n  t h e  NASA-MSC s tudy  and is  n o t  considered 
e n t i r e l y  c o n s i s t e n t .  Cursory i n v e s t i g a t i o n s  i n d i c a t e  t h a t  weight should be added 
The weight s ta tement  given f o r  t h e  12,500 pound 
This 
f o r  t h e  c o n t r i b u t i o n  of t h e  t h e r m a l / s t r u c t u r a l  system and c o n t r o l  su r f aces .  
Further d e t a i l s  are given i n  Sec t ion  3 . 3 . 6 .  
For each of t h e  conf igu ra t ions  c i t e d  i n  Table 2-1 t o t a l  program c o s t s  were 
generated.  The r e s u l t s  of t h e s e  c o s t  s t u d i e s  f o r  t h e  b a s e l i n e  conf igu ra t ions  are 
summarized i n  Table 2-2. T o t a l  program c o s t s  as def ined h e r e i n  inc lude  c o n t r i -  
bu t ions  made by Contract  Def in i t i on ,  RDT&E, Investment and Operations phase. Both 
program o f f i c e  management and f e e  are included i n  each case. A s  i nd ica t ed  c o s t s  
are given f o r  t h r e e  o p e r a t i o n a l  phi losophies ,  namely, I n t e g r a l  Launch Reentry 
Vehicle (ILRV), Intermediate ,  and Business A s  Usual (BAU) consider ing t r a f f i c  rates 
from 2.5 t o  25 m i l l i o n  pounds de l ive red  t o  o r b i t .  Operat ional  phi losophies  are 
cha rac t e r i zed  by t h e  v e h i c l e  turnaround t i m e s ,  made up of prelaunch and r e c e r t i f i -  
c a t i o n  ac t iv i t ies ,  and subsequent inventory requirements. 
The ILRV philosophy assumes t h a t  t he  launch, recovery and r e c e r t i f i c a t i o n  
t ake  p l ace  a t  one l o c a t i o n  reducing t o  a minimum t h e  amount of t r a n s p o r t a r i o n .  
The o the r  two phi losophies  assume t h e  recovery is a t  e x i s t i n g  si tes,  t h e  recerti- 
f i c a t i o n  is  a t  t h e  f a c t o r y ,  and t h e  launch from e i t h e r  ETR o r  WTR. Launch 
ope ra t ions  range from l i m i t e d  t e s t i n g  and no check out  i n  t h e  ILRV philosophy t o  
t h e  f u l l  t e s t i n g  of p re sen t  p r a c t i c e  i n  t h e  BAU philosophy. R e c e r t i f i c a t i o n  f o r  
ILRV inc ludes  l i m i t e d  scheduled maintenance and r a p i d  flow t i m e  based upon long 
l i f e  systems. The BAU philosophy assumes ex tens ive  maintenance and in spec t ion ,  
based upon p resen t  systems, including f u l l  r e t e s t i n g  during each cycle .  The 
Intermediate  ph%losophy is  between t h e  two extremes. 
The r e s u l t s  of t h e  c o s t  d a t a  presented i n  Table 2-2 shows t h a t  as payload 
i n c r e a s e s  c o s t  d i f f e r e n t i a l s  tend t o  be  minimized whereas i f  payload dec reases  
c o s t  d i f f e r e n t i a l s  tend t o  be maximized. For Concept "S" t h e  minimum a o s t s  occur 
f o r  t h e  50,000 pound payload case. 
is nea r  optimum f o r  t h i s  payload. 
noted i n  t h e  25,000 pound payload case. 
This i s  no t  too s u r p r i s i n g  s i n c e  t h e  concept 
I n  t h e  case of Concept "L" minimum c o s t s  are 
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I n  genera l  t h e  fol lowing set of conclusions can be made relative t o  t h e  c o s t  
d a t a  presented i n  t h i s  r epor t :  
1. 
2. 
3 .  
4 .  
5. 
Orb i t e r  and Booster subsystem commonality saves $1  b i l l i o n  i n  RDT&E 
f o r  Concepts "L" and "M". 
I d e n t i c a l  o r b i t e r / b o o s t e r  saves $2 b i l l i o n  i n  RDT&E f o r  Concept " S " .  
Major c o s t  systems inc lude  t h e  t h e r m a l / s t r u c t u r a l  system, propuls ion 
and av ionics .  
RDT&E and F i r s t  Unit c o s t s  c o r r e l a t e  wi th  v e h i c l e  dry weight. 
Procured hardware c o s t s  d r i v e  r e c e r t i f i c a t i o n  cos t s .  
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SECTION 3.0 DESIGN ANALYSIS 
D e f i n i t i o n  of des ign  da ta ,  i n  a format r equ i r ed  by t h e  c o s t  model, has  been 
generated f o r  two v e r s i o n s  of a f u l l y  r eusab le  two s t a g e  s h u t t l e  and f o r  a, two 
and one h a l f  s t a g e  s h u t t l e  concept and is  presented i n  t h i s  s e c t i o n  of t h e  r e p o r t .  
The two s t a g e  conf igu ra t ions  des igna te6  Concepts "L" and "M" r e p r e s e n t  r e c e n t l y  
completed s t u d i e s  performed f o r  t h e  NASA-LRC and NASA-MSC r e s p e c t i v e l y .  
c o r e  v e h i c l e s  f o r  t h e  two and one ha l f  s t a g e  conf igu ra t ion  designated Concept "S" 
w a s  based on t h e  use of t h e  o r b i t e r  v e h i c l e  def ined i n  a r e c e n t  s tudy f o r  SAMSO/ 
AFSC. 
t o  achieve o r b i t  i s  provided by zero s t a g e  strap-ons. 
a n a l y s i s  f o r  Concepts " S " ,  "L" and "M" are found r e s p e c t i v e l y  i n  Sec t ions  3.1, 
3.2 and 3.3. 
3 .1  
The b a s i c  
I n  Concept "S" bo th  c o r e  v e h i c l e s  are i d e n t i c a l .  The a d d i t i o n a l  AV r equ i r ed  
The r e s u l t s  of t h e  des ign  
Analysis of Concept "S" - The a n a l y s i s  of Concept "S" cons i s t ed  of def in-  
i n g  a s e t  of ground r u l e s  and assumptions (Sect ion 3.1.1) conducting a s i z i n g  and 
performance a n a l y s i s  
systems (Sections 3.1.3 t h r u  3.2.5) and t h e  gene ra t ion  of a d e t a i l e d  weight s ta tement .  
(Sect ion 3.1.2),providing d e t a i l  d e s c r i p t i o n s  of t h e  major sub- 
(Sect ion 3.2.6). 
3.1.1 Ground Rules and Assumptions - The gene ra l  ground r u l e s  and assumptions 
appl ied t o  t h e  a g a l y s i s  of Concept "S" are l i s t e d  below. 
t i o n  relative t o  t h e  co re  v e h i c l e s  used i n  t h i s  concept can be obtained from Reference l. 
Addit ional  s p e c i f i c  informa- 
o 
o 
O r b i t e r  and Booster Stages are i d e n t i c a l .  
Basel ine Orbi ter /Booster  s t a g e  same as b a s e l i n e  o r b i t e r  as 
def ined i n  SAMSO/AFSC STS s tudy under c o n t r a c t  F047-01-69-C-0380. 
o U t i l i z a t i o n  of zero s t a g e  strap-ons consider ing s o l i d  ve r sus  
l i q u i d  and expendable v e r s u s  r eusab le  c a p a b i l i t y .  
o Payload Considerations 
50,000 l b  i n  a 15 f t  d i a . ,  60 f t  long envelope 
25,000 l b  i n  a 15 f t  d i a . ,  30 f t  long envelope 
12,500 l b  i n  a 15 f t  d i a . ,  15 f t  long envelope 
High chamber p re s su re  b e l l  nozzles  used f o r  main propuls ion system 
on bo th  c o r e  veh ic l e s .  
Boost engines are t h e  same s i z e  f o r  bo th  c o r e  s t a g e s  f o r  any one 
configurat ion.  
o 
o 
o Boost p r o p e l l a n t s  are LOX/LH2. 
o P a r a l l e l  burn of a l l  engines with p r o p e l l a n t  t r a n s f e r  between c o r e  
veh ic l e s .  
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On-orbit AV c a p a b i l i t y  equa l  t o  2000 f p s  
Orb i t  maneuver system p r o p e l l a n t  - LOX/LH2 
A t t i t u d e  c o n t r o l  system p r o p e l l a n t  - G02/GH2 
Landing assist engine - t u rbo fan  f o r  bo th  s t a g e s  
Nominal o r b i t  a l t i t u d e  of 270 n a u t i c a l  m i l e s  and an i n c l i n a t i o n  of 55' 
I n s e r t i o n  o r b i t  of 45 x 100 n a u t i c a l  m i l e s  
Mission d u r a t i o n  - 7 days 
Both c o r e  v e h i c l e s  have a 2 man c r e w  
C r e w  w i l l  o p e r a t e  i n  a s h i r t s l e e v e  environment 
Thermo-structural system designed t o  a 3 g normal load  f a c t o r  and 
a 2200°F temperature l i m i t  
O r b i t e r  e n t r y  ang le  of a t t a c k  equal  t o  20" and 50' 
Prime power f o r  o r b i t e r  and boos te r  is  suppl ied r e s p e c t i v e l y  by H -0 
ma t r ix  type  f u e l  cel ls  and rechargeable  Ago-2n b a t t e r i e s  
Three completely independent hydrau l i c  subsystems 
2 2  
3.1.2 S iz ing  and Performance Analysis of Concept "S" - This s e c t i o n  of t h e  
r e p o r t  p re sen t s  t h e  r e s u l t s  of t h e  s i z i n g  and performance a n a l y s i s  conducted 
on Concept "S". The performance a spec t  of t h e  s tudy  c o n s i s t e d  of conduc t ing -  
va r ious  aero/thermodynamic ana lyses  f o r  t h e  purpose of (1) determining launch 
phase v e l o c i t y  l o s s e s ,  (2) e s t a b l i s h i n g  t r a j e c t o r i e s  f o r  both a low and h igh  
ang le  of at tack e n t r y ,  and (3) determining t h e  adequacy of t h e  vehicles thermal 
p r o t e c t i o n  system i n  meeting t h e  above named e n t r y  condi t ions.  
The s i z i n g  p o r t i o n  of t h e  s tudy d e a l t  mainly w i t h  t h e  establ ishment  of  t h e  
requirements f o r  ze ro  s t a g e  boos te r s .  I n  accomplishing t h i s  t a s k  t h e  analyses  
w a s  divided i n t o  t h r e e  phases. The f i r s t  phase w a s  concerned wi th  developing 
b a s i c  s i z i n g  ground r u l e s  and d a t a  f o r  subsequent gene ra t ion  of b a s e l i n e  ze ro  
s t ages .  
s i z i n g  op t ions  on t h e  concept and t o  select a b a s e l i n e  system. 
was  gene ra t ion  of b a s e l i n e  ze ro  s t a g e  designs.  In a d d i t i o n ,  t h e  baseline data 
w a s  ex t r apo la t ed  t o  produce approximate s i z i n g  d a t a  f o r  o t h e r  op t ions .  
The second phase w a s  performed t o  demonstrate t h e  e f f e c t  of  va r ious  
The t h i r d  phase 
3.1.2.1 Concept Desc r ip t ion  - Concept "S" c o n s i s t s  of two i d e n t i c a l  l i f t i n g  
body c o r e  vehicles, one se rv ing  as a boos te r  and t h e  o t h e r  as an o r b i t e r ,  arranged 
i n  a Siamese manner wherein t h e i r  bottom s u r f a c e s  are ad jacen t  one t o  ano the r  
from launch t o  sepa ra t ion .  
impulsive v e l o c i t y  c a p a b i l i t y  of t h e  two s t a g e s  i s  no t  s u f f i c i e n t  t o  ach ieve  
Unless excessively l a r g e  v e h i c l e s  are used, t h e  
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o r b i t  i n s e r t i o n  of one of t h e  v e h i c l e s .  Therefore ,  zero s t a g e  boos te r s  ( e i t h e r  
s o l i d  o r  p re s su re  f e d  l i q u i d )  are incorporated t o  provide t h e  a d d i t i o n a l  v e l o c i t y  
increment (AV) required.  
The b a s i c  co re  v e h i c l e  shown i n  Figure 3-1 is  a v a r i a b l e  geometry arrangement 
def ined by a con ic  planform forward s e c t i o n  which develops i n t o  p a r a l l e l  s i d e s  
as i t  cont inues a f t .  The planform terminates  wi th  lower f i x e d  f i n s  and movable 
upper c o n t r o l  s u r f a c e s .  
a t  t h e  nominal hypersonic ang le  of a t t a c k .  The body c r o s s  s e c t i o n  i s  t r apezo ida l .  
Variable  geometry wings are stowed p a r a l l e l  w i t h i n  t h e  upper body and deploy 
forward f o r  subsonic c r u i s e  and landing.  
S p e c i f i c a l l y  t h e  co re  v e h i c l e s  are i d e n t i c a l  t o  t h e  b a s e l i n e  o r b i t e r  v e h i c l e  
The upper body i s  contoured t o  a ze ro  flow shadow ang le  
as def ined i n  t h e  SAMSO STS s tudy,  Reference 1. This b a s e l i n e  o r b i t e r  v e h i c l e  
is  165 f e e t  long and has a payload c a p a b i l i t y  of 50,000 pounds. The payload 
c a n n i s t e r  is 15 f e e t  i n  diameter and 60 f e e t  long. I n  a d d i t i o n  t o  t h i s  payload 
s i z e  two o t h e r  payload conf igu ra t ions  w e r e  considered i n  t h i s  s tudy.  These 
included a 12,500 pound payload packed i n  a 15 f o o t  diameter by 1 5  f o o t  long 
c a n n i s t e r  and a 25,000 pound payload s i z e d  i n  a 15 f o o t  diameter by 30 f o o t  
long c a n n i s t e r .  
a t  165 f e e t .  
b a s e l i n e  cases o t h e r  concepts involving v a r i a b l e  l eng th  and f i x e d  AV core  
v e h i c l e s  f o r  t h e  same payload s i z e s  were i n v e s t i g a t e d  on a parametr ic  b a s i s .  
This w a s  done 
I n  each payload case t h e  co re  v e h i c l e  l e n g t h  w a s  he ld  cons t an t  
Although t h e  conf igu ra t ions  j u s t  descr ibed were considered as 
A s  mentioned previously each c o r e  v e h i c l e  w a s  i d e n t i c a l .  
t o  maintain commonality and reduce o v e r a l l  program c o s t s  although some weight 
p e n a l t i e s  w e r e  i ncu r red .  
t o  a l l  major subsystems such as t h e  t h e r m a l / s t r u c t u r a l  system, av ion ic s ,  
propuls ion,  etc.  The one except ion t o  t h i s  involved t h e  u t i l i z a t i o n  of t h e  
payload bay area. 
drop-in f u e l  tank w a s  used i n  l i e u  of payload as shown i n  Figure 3-2. 
case of t h e  50,000 pound payload o r b i t e r  v e h i c l e  a l l  of t h e  volume a v a i l a b l e  
i s  taken up by t h e  payload i tself .  I n  t h e  12,500 and 25,000 payload o r b i t e r  
cases drop-in f u e l  tanks w e r e  used i n  l i e u  of payload f o r  t h e  remaining volume 
c a p a b i l i t y ,  as w a s  done on t h e  case of t h e  booster .  
arrangements f o r  t h e  o r b i t e r  are shown i n  Figure 3-3. 
This commonality groundrule w a s  adhered t o  wi th  regard 
I n  t h e  case of t h a t  c o r e  v e h i c l e  designated as a boos te r  a 
For t h e  
A l t e r n a t e  payload/propel lant  
Each c o r e  v e h i c l e  con ta ins  two boos te r  engines and p r o p e l l a n t  t r a n s f e r  w a s  
assumed between v e h i c l e s  such t h a t  a l l  engines burn s imultaneously a t  l i f t - o f f .  
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BOOSTER-DROP IN PROPELLANT TANK 
FIGURE 3-2 3-5 
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ORBITER-ALTERNATE PAYLOAD/PROPELLANT 
ARRANGEMENTS 
DROP-IN PROPELLANT TANK 
FIGURE 3-3 
3-6 
NICDONNELL DOUGLAS ASTRONAUTICS 
FOLLOW ON 
STUDY Optimized Cost/Performance Design Methodology 
REPORT MDC E0109 
2 MARCH 1970 
The t r a n s f e r  of p r o p e l l a n t  w a s  such t h a t  a l l  boos t e r  p r o p e l l a n t  w a s  used during 
launch leaving t h e  o r b i t e r  p r o p e l l a n t  tanks f u l l y  fue l ed  a t  core  v e h i c l e  s t ag ing .  
The remaining p ropu l s ive  f o r c e  during launch w a s  provided by t h e  zero s t a g e  
strap-ons. 
conf igu ra t ion  i s  shown i n  Figures  3-4 and 3-5 r e s p e c t i v e l y .  The s o l i d  ze ro  
s t a g e  conf igu ra t ion  f e a t u r e s  f o u r  strap-ons each of which is  mounted t o  t h e  
s i d e  of t h e  veh ic l e .  Each zero s t a g e  is  a completely s e l f  contained rocket  
system. 
Nitrogen t e t r o x i d e  tank mounted p a r a l l e l  t o  each o t h e r  on each s i d e  of t h e  co re  
veh ic l e s .  Cross feed is  provided enabling p a r a l l e l  burn of engines mounted a t  
t h e  end of each tank. 
ment f o r  a JATO func t ion  only and t h a t  a l l  c o n t r o l  is provided by t h e  s p a c e c r a f t .  
Schematic diagrams of both a s o l i d  and l i q u i d  p re s su re  f ed  
The l i q u i d  p r e s s u r e  f ed  system f e a t u r e s  a Mono-methyl Hydrazine and 
Both types of zero s t a g e s  were s i z e d  assuming a r equ i r e -  
Detai led d e s c r i p t i o n s  of t h e  va r ious  subsystems comprizing t h e  c o r e  
v e h i c l e s  can be  found i n  o t h e r  s e c t i o n s  of t h i s  r e p o r t .  
SOLID ZERO STAGE LAUNCH 
CONFIGURATION 
CORE VEHICLES I 
SOLID ZERO STAGES (TYP) 
FIGURE ,3-4 
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3.1.2.2 Aero/Thermodynamic Performance Analysis - The primary o b j e c t i v e s  of 
t h e  aero/thermodynamic performance a n a l y s i s  conducted during t h i s  s t u d y  w e r e  
(1) t o  determine launch phase v e l o c i t y  l o s s e s ,  (2) e s t a b l i s h  t r a j e c t o r i e s  f o r  
both a low and high ang le  of a t t a c k  e n t r y  and ( 3 )  determine t h e  adequacy of t h e  
thermal p r o t e c t i o n  system as def ined i n  t h e  SAMSO study i n  meeting t h e s e  e n t r y  
condi t ions.  These analyses  w e r e  performed s o l e l y  f o r  t h e  boost  and e n t r y  regimes 
f o r  t h e  nominal mission descr ibed i n  Figure 3-6, 
s tud ied  i n  d e t a i l .  E s t i m a t e s  w e r e  made, however, of t h e  down range c a p a b i l i t y  
i n  o r d e r  t o  e s t a b l i s h  approximate requirements f o r  tow back range i n  t h e  event  
t h e  zero s t a g e  would be reused. Details as t o  t h e  aerodynamic c h a r a c t e r i s t i c s  
of t h e  co re  v e h i c l e s  can be found i n  Reference 1. 
Zero s t a g e  e n t r i e s  w e r e  n o t  
The prime i n t e n t  of t h e  a n a l y s i s  w a s  t o  y i e l d  a minimum weight system, w i t h  
cons ide ra t ion  f o r  t h e  atmospheric e x i t  and e n t r y  environment, wh i l e  maintainiiig 
a high confidence i n  some of t h e  b a s i c  d a t a  generated by r e l a t e d  s t u d i e s .  Mission 
and c o n t r a c t u a l  cons ide ra t ions  r e s u l t e d  i n  t h e  establ ishment  of several s tudy 
ground r u l e s  and c o n s t r a i n t s .  
t h e  following: 
(2) Hohmann t r a n s f e r  t o  270 n a u t i c a l  m i l e  c i r c u l a r  o r b i t  w i th  an i n c l i n a t i o n  
of 55 degrees ,  (3) a x i a l  l oad  f a c t o r  w a s  cons t r a ined  n o t  t o  exceed 4g 's ,  ( 4 )  a 
thrust-to-weight r a t i o  a t  l i f t - o f f  equal  t o  1.35, (5) p a r a l l e l  burn of a l l  engines 
a t  l i f t - o f f ,  (6) t h r o t t l e  s e t t i n g s  f o r  engines were cons t r a ined  t o  be no less 
than 10% of maximum and (7) e n t r y  a t  both low and high ang le  of a t t a c k .  
These include b u t  are n o t  n e c e s s a r i l y  l i m i t e d  t o  
(1) i n s e r t i o n  a t  pe r igee  of a 45 x 100 n a u t i c a l  m i l e  o r b i t ,  
A, Launch Phase - The launch phase as de f ined  h e r e i n  r e f e r s  t o  t h a t  per iod 
of f l i g h t  extending from l i f t - o f f  t o  co re  v e h i c l e  s t a g i n g .  
conf igu ra t ions ;  comprising 3 payloads,  s o l i d  ve r sus  l i q u i d  and expendable ve r sus  
r eusab le  zero s t a g e s ;  were analyzed us ing  numerical  ana lyses  techniques i n  
t r a j e c t o r y  s imula t ions .  
e a r t h  model and t h e  1962 U.S. Standard Atmosphere. 
p r i o r  t o  boos t e r  s t a g e  s e p a r a t i o n  while  a t h r u s t  vec to r ing  program, de r ived  by 
calculus-of-var ia t ions method, w a s  used f o r  t h e  o r b i t e r  t o  achieve t h e  d e s i r e d  
i n s e r t i o n  cond i t ions ,  
For t h i s  phase, twelve 
The t r a j e c t o r y  program used u t i l i z e d  a r o t a t i n g  s p h e r i c a l  
Gravi ty  t u r n s  were employed 
Thrust Modulation - The p r o f i l e  of t h r u s t  ve r sus  t i m e  used i n  t h e  
ana lyses  was  e s t a b l i s h e d  on t h e  b a s i s  of t h e  s tudy  c o n s t r a i n t s  def ined p rev ious ly .  
The s i z i n g  ana lyses ,  as d i scussed  izt Sec t ion  3.1.2.3, i n d i c a t e d  that f o r  a given 
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when t h e  t h r o t t l e  s e t t i n g  on t h e  co re  v e h i c l e s  w a s  minimized. Thus ignor ing  t h e  
v a r i a t i o n  i n  launch phase l o s s e s ,  i d l e  power i n  t h e  c o r e  v e h i c l e s  i s  t h e  optimum 
t h r o t t l e  s e t t i n g  p r i o r  t o  strap-on burnout,  
However, w i t h  such a t h r o t t l e  s e t t i n g  i t  w a s  found t h a t  t h e  peak dynamic 
p res su re  exceeded s t r u c t u r a l  l i m i t s ,  Therefore ,  t h e  i n i t i a l  t h r u s t  of t h e  primary 
s t a g e s  was set t o  be 30% of the  maximum and t h e  strap-ons w e r e  t hen  s i z e d  t o  
b r i n g  t h e  t o t a l  t h r u s t  t o  weight r a t i o  t o  1.35. This allowed a t h r o t t l i n g  back 
from t h e  30% level  t o  i d l e  power a t  strap-on burnout and a lower dynamic p r e s s u r e  
r e s u l t e d ,  I n  t h e  case of t h e  50,000 pounds payload conf igu ra t ion  t h e  peak 
dynamic p res su res  were s t i l l  q u i t e  high. However, t h e  assurance t h a t  i t  could 
be  reduced w i t h  g r e a t e r  t h r o t t l i n g  and t h e  est imated small changes i n  o t h e r  
important v a r i a b l e s  prompted t h e  dec i s ion  n o t  t o  r e - s i ze  t h e  v e h i c l e  o r  r e c a l c u l a t e  
t h e  t r a j e c t o r i e s  
A f t e r  t h e  strap-ons have burned o u t ,  t h r o t t l e  s e t t i n g  no longe r  a f f e c t s  i d e a l  
v e l o c i t y ,  Hence, t h e  primary s t a g e s  are burned a t  f u l l  t h r o t t l e  a f t e r  strap-on 
burnout except when a r educ t ion  i n  t h r u s t  i s  needed t o  l i m i t  t h e  thrust-to-weight 
r a t i o  t o  4 ,  
Launch Sequence - A l l  launch t r a j e c t o r i e s  followed t h e  same sequence of 
events  t o  i n s u r e  a f a i r  comparison between them although. a c t u a l  f l i g h t  times 
va r i ed .  Figures  3-7 and 3-8 show t i m e  h i s t o r i e s  of s i g n i f i c a n t  parameters f o r  
a r e p r e s e n t a t i v e  launch t r a j e c t o r y ,  The f l i g h t  sequence i s  as follows: L i f t  Off 
v e r t i c a l l y  w i t h  a 1.35 thrust-to-weight r a t i o ,  Begin a t h r u s t  r educ t ion  i n  t h e  
primary s t a g e s  a t  l i f t - o f f  s o  t h a t  they are a t  i d l e  power when strap-on burnout 
occurs ,  
v e c t o r  10 degrees from v e r t i c a l  a t  30 seconds. Between 30 seconds and c o r e  s t a g e  
s e p a r a t i o n  a g r a v i t y  t u r n  i s  performed. A t  92 seconds strap-on f u e l  i s  exhausted. 
The strap-ons are then j e t t i s o n e d  and the t h r u s t  level of t h e  primary s t a g e s  i s  
increased t o  f u l l  power, 
maintained u n t i l  t h e  boos te r  s t a g e  f u e l  is exhausted l eav ing  t h e  o r b i t e r  f u l l y  
loaded, 
t o  t h e  launch si te.  
vec to r ing  t o  optimize t h e  t r a j e c t o r y ,  A t  about 390 seconds t h e  thrust-to-weight 
r a t i o  reaches 4g'sb 
t h i s  constant  load f a c t o r ,  
o r b i t  occurs a t  409 seconds. 
A t  20 seconds a p i t c h  program is i n i t i a t e d  t h a t  moves t h e  v e l o c i t y  
Using f u e l  t r a n s f e r  between c o r e  s t a g e s ,  burn i s  
A t  200 seconds t h e  empty booster  s t a g e  s e p a r a t e s  and begins i ts  r e t u r n  
The o r b i t e r  cont inues i n  a scen t  f l i g h t  using t h r u s t  
From t h a t  t i m e  t o  burnout,  t h r u s t  i s  modulated t o  maintain 
I n s e r t i o n  a t  pe r igee  of a 45 x 100 n a u t i c a l  m i l e  
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During launch t h e  only aerodynamic f o r c e  s i g n i f i c a n t  i n  
The drag c o e f f i c i e n t s  used i n  t h i s  s tudy w e r e  ance i s  drag. 
determining perform- 
based on t h e  d a t a  of 
Reference 1, a p p r o p r i a t e l y  s c a l e d  by t h e  d i f f e r e n c e  i n  f r o n t a l  areas, 
i n v e s t i g a t i o n  of drag w a s  beyond t h e  scope of t h e  s t u d y ,  
of drag c o e f f i c i e n t ,  CD, as a f u n c t i o n  of Mach number, 
w a s  t h e  t o t a l  f r o n t a l  area of t h e  conf igu ra t ion .  
A d e t a i l e d  
Figure 3-9 shows a p l o t  
The r e fe rence  area used 
T o t a l  AV Budget - Once a mission had been def ined,  t h e  i d e a l  mission 
v e l o c i t y  budget w a s  e s t ima ted ,  
b u i l t  i n  t h e  launch conf igu ra t ion  is  t h e  sum of (a )  i n j e c t i o n  v e l o c i t y ,  ( i nc lud ing  
t h e  Ea r th  i n e r t i a l  component), (b) nominal a scen t  phase l o s s e s ,  and (c) f l i g h t  
performance reserve. 
func t ion  of s t a g e  s t r u c t u r e  f r a c t i o n ,  s p e c i f i c  impulse and t h e  d i s t r i b u t i o n  of 
v e l o c i t y  between t h e  s t a g e s .  
func t ion  of s t a g i n g  v e l o c i t y  and may s i g n i f i c a n t l y  e f f e c t  o v e r a l l  v e h i c l e  s i z i n g .  
The purpose of t h i s  s e c t i o n  i s  t o  e s t a b l i s h  t h e  v e l o c i t y  l o s s e s  and determine 
t h e  impact on t h e  s i z i n g  ana lys i s .  
The t o t a l  mission v e l o c i t y  budget t h a t  must be  
The s i z e  of v e h i c l e  r equ i r ed  t o  provide t h i s  v e l o c i t y  i s  a 
Veloci ty  l o s s e s  have been determined t o  be a 
The nominal a scen t  phase v e l o c i t y  budget i s  equal  t o  t h e  sum of t h e  l o s s e s  
and t h e  v e l o c i t y  r equ i r ed  t o  i n j e c t  t h e  o r b i t e r  p lus  payload i n t o  a r e fe rence  
45 x 100 NM o r b i t .  
f t / s e c  of a c t u a l  v e l o c i t y  a t  i n s e r t i o n .  
suppl ied by t h e  e a r t h ' s  i n e r t i a l  component, 
a constant ,  t h e  nominal a scen t  phase v e l o c i t y  budget v a r i a t i o n  i s  i d e n t i c a l  t o  
t h e  v e l o c i t y  l o s s  v a r i a t i o n .  
I n  each case analyzed t h e  v e h i c l e  r equ i r ed  a t o t a l  of 25,885 
This included 886 f t / s e c  which w a s  
Since t h e  i d e a l  mission v e l o c i t y  i s  
Ascent phase l o s s e s  c o n s i s t  of v e l o c i t y  increments r equ i r ed  t o  overcome t h e  
e f f e c t s  of ( a )  g r a v i t y ,  (b) aerodynamic drag f o r c e s ,  (c) t h r u s t  v e c t o r  maneuvering, 
and (d) nozzle  back p res su re ,  Table 3-1 shows a breakdown of t h e s e  v e l o c i t y  lo s s -  
es f o r  each of t h e  twelve (12) cons t an t  l eng th  conf igu ra t ions  analyzed. Table 
3-2 r e p e a t s  t h e  t o t a l  l o s s e s  and inc ludes  two s i g n i f i c a n t  t r a j e c t o r y  parameters;  
namely, peak dynamic p res su re  and strap-on burn t i m e ,  These two parameters are 
s i g n i f i c a n t  i n  t h a t  they determine t h e  shape of t h e  thrust-to-weight r a t i o  
h i s t o r y  and consequently t h e  magnitude of t h e  g r a v i t y  loss .  
t u r n  a f f e c t s  t h e  o t h e r  t h r e e  l o s s e s  because of t h e  trade-off between them, For 
example, g r a v i t y  l o s s  can be  made s m a l l  by f l y i n g  a ve ry  low t r a j e c t o r y ,  however, 
drag and back p res su re  l o s s e s  would i n c r e a s e  accordingly.  
The g r a v i t y  l o s s  i n  
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LAUNCH PHASE VELOCITY 
LOSS SUMMARY - PART I 
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TABLE 3-2 
LAUNCH PHASE VELOCITY 
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Comparison of the data, given in Tables 3-1 and 3-2, shows that between 
75 and 80 percent of total losses is attributable to gravity effects, 
maneuvering losses are relatively constant over the payload spectrum whereas 
nozzle back pressure losses increase with decreasing payload, As payload 
decreases total velocity losses increase due to the shorter burn time of the 
strap-ons and lower q conditions, Liquid strap-on configurations have greater 
velocity requirements than corresponding solid strap-on configurations due to 
increases in back pressure and drag losses, These losses, however, are somewhat 
offset by reductions in gravity and maneuvering losses. 
requirement due to reusability of the strap-ons is negligible. 
Drag and 
max 
Any variation in velocity 
One of the obvious factors that affects the vehicle's payload capability is 
the in-orbit maneuver propellant required to support a typical space station/ 
base resupply mission. 
variables, one of which is the AV maneuvering budget, A AV maneuvering budget 
for a selected baseline mission is composed of the following: a basic minimum 
AV value that results from optimum or minimum energy transfer maneuver sequences 
including deorbit; and additional AV margins which are included for operational 
considerations, guidance and navigation dispersions, and non-optimum phasing 
situations, All the items included in these two groups are in turn affected by 
a selected set of basic assumptions and guidelines. As a result, different on- 
orbit AV budgets ranging from approximately 1200 fps to 5000 fps have been 
identified in past studies for the spacecraft depending on the mission require- 
ments. For the purposes of this study a 2000 fps flight performance reserve was 
established as being representative of a typical resupply mission, 
of the various elements making up this AV requirement is shown in Figure 3-10, 
Similarly, the propellant required is affected by several 
A breakdown 
B. Boostex Entry Analysis - Two control angles, namely; bank angle and 
angle of attack were chosen to minimize cruise back range of the booster. 
angles were constrained by both a 3g normal load factor and a 2200'F temperature 
limit as adopted from the SAMSO study, 
of Concept "L" in this regard and the reader is referred to Reference 2 for a 
discussion of the analysis involved in choosing the control angles, 
These 
Concept "S" relies heavily on the results 
Entry Sequence - Immediately after separation of the core vehicles 
the booster is flown inverted at 50 degrees angle of attack: The reasons for this 
attitude is to maximize both drag and the downward lift. 
subsequently decreases velocity and hence shortens range because the velocity 
Increasing drag 
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v e h i c l e  t o  t h e  launch s i te  b u t  only t o  c a r r y  i t  
f u r t h e r  away. This i s  t r u e  because t h e  t u r n i n g  c a p a b i l i t y  of t h e  v e h i c l e  i s  such 
t h a t  i t  can n o t  g e t  turned back towards t h e  launch s i te  whi l e  s t i l l  a t  good range- 
making speeds,  Maximum downward l i f t  a l s o  sho r t ens  range by decreasing v e l o c i t y  
s i n c e  i t  b r ings  t h e  v e h i c l e  more qu ick ly  i n t o  t h e  dense atmosphere of low 
a l t i t u d e s ,  
The v e h i c l e  remains i n v e r t e d  as i t  passes  through apogee. When a nega t ive  
i s  reached, t h e  v e h i c l e  is  r o l l e d  t o  a n  up r igh t  f l i g h t  pa th  ang le  of 3 degrees 
a t t i t u d e .  Continued i n v e r t e d  f l i g h t  would indeed shor t en  range as discussed 
above, However, i f  i n v e r t e d  f l i g h t  is maintained much longer ,  t h e  v e h i c l e  w i l l  
n o t  recover  and e i t h e r  v i o l a t e  temperature o r  l oad  f a c t o r  c o n s t r a i n t s ,  
a d d i t i o n ,  t h e  pay-off i n  range becomes small i f  i n v e r t e d  f l i g h t  i s  maintained 
p a s t  some f l i g h t  pa th  a n g l e ,  
pa th  should be  between 3 and 6 degrees ,  
because of t h e  less severe environmental cond i t ions  encountered. 
I n  
Concepts "L" and "Mtl i n d i c a t e d  t h a t  t h e  f l i g h t  
Three degrees w a s  chosen f o r  Concept ''S" 
When t h e  v e h i c l e  has  pu l l ed  up t o  a nega t ive  2 degree f l i g h t  pa th  ang le  i t  
has acquired a maneuvering margin with r e spec t  t o  load  f a c t o r  2nd temperature 
c o n s t r a i n t s .  It can then be banked f o r  t h e  purposes of (1) reducing L/D and 
hence shortening range and (2) changing t h e  d e t e c t i o n  of f l i g h t  back toward t h e  
launch si te,  
f l i g h t .  Previous s t u d i e s  determined t h a t  t h i s  ang le  w a s  near  t h e  maximum al lowable 
without  inducing a r a p i d  f a l l  and a l a r g e  i n c r e a s e  i n  peak dynamic p r e s s u r e ,  
Seventy degrees  w a s  chosen f o r  t h e  bank ang le  i n  t h i s  p o r t i o n  of 
Figure 3-11 and 3-12 p resen t  t i m e  h i s t o r i e s  of  s i g n i f i c a n t  parameters f o r  
a r e p r e s e n t a t i v e  en t ry .  In t h i s  case a 50,000 l b .  payload conf igu ra t ion  w a s  
chosen since i t  r e p r e s e n t s  t h e  most severe environment encountered, 
Entry Summary - A l t i t u d e / v e l o c i t y  and a l t i t u d e / r a n g e  p r o f i l e s  f o r  each 
of t h e  t h r e e  payloads i n v e s t i g a t e d  during t h i s  s tudy are shown r e s p e c t i v e l y  i n  
Figures  3-13 and 3-14. 
t h a t  i n  no case i s  t h e r e  a temperature porblem. 
i s  a l s o  s a t i s f i e d  being equal  t o  3g's i n  t h e  region where ang le  
less than 50 degrees and less than 3g's elsewhere. 
shown are f o r  conf igu ra t ions  wi th  expendable s o l i d  strap-ons.  
I n  Figure 3-13 a 1600'F isotherm is  included t o  show 
The normal load  f a c t o r  c o n s t r a i n t  
of a t t a c k  i s  
The p a r t i c u l a r  t r a j e c t o r i e s  
The r equ i r ed  c r u i s e  back c a p a b i l i t y  of t h e  boos te r  is i n d i c a t e d  i n  Figure 
3-14 as t h e  d i s t a n c e  from t h e  launch s i te  a t  t h e  end of t h e  e n t r y  maneuver. A s  
shown c r u i s e  back ranges vary from 240 t o  365 n a u t i c a l  m i l e s ,  depending on 
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payload. 
s h o r t e r  ranges,  
except t h a t  t h e  l i g h t e r  v e h i c l e s  have a range c a p a b i l i t y  of about 100 n a u t i c a l  
m i l e s  g r e a t e r  than necessary.  
Smaller payload conf igu ra t ions  have slower s e p a r a t i o n  speeds,  hence 
These ranges are c o n s i s t a n t  with t h e  f u e l  allowed f o r  t h e  c r u i s e ,  
A summary of t h e  boos te r  e n t r y  cond i t ions  i s  shown i n  Table 3-3. This  
t o g e t h e r  w i th  i n i t i a l  e n t r y  ‘ma,’ t a b l e  shows range and peak dynamic p res su re  
condi t ions f o r  each of t h e  twelve cases considered. Payload is most important 
i n  determining t h e  c r u i s e  back range. L igh te r  payload have s h o r t e r  ranges as a 
r e s u l t  of t h e i r  slower s e p a r a t i o n  speeds and l i g h t e r  weights .  
i n  range i s  apparent  i n  t h e  choice between l i q u i d  and s o l i d  zero s t a g e s .  
general ,  t h e  l i q u i d s  r e q u i r e  s l i g h t l y  g r e a t e r  c r u i s e  back ranges.  
t h e r e  i s  l i t t l e  v a r i a t i o n  i n  dynamic p r e s s u r e  due t o  t h e  r eusab le  ve r sus  expendable 
choice. 
l b ,  payload, 
i n  s e p a r a t i o n  f l i g h t  pa th  angle ,  
experienced ac ross  t h e  range of payloads i n v e s t i g a t e d ,  
o f f s  involved i n  v e l o c i t y  and f l i g h t  pa th  a n g l e ,  
Some d i f f e r e n c e  
I n  
I n  most cases, 
The one except ion exists i n  t h e  case of t h e  s o l i d  strap-on wi th  a 12,500 
This is  appa ren t ly  due t o  t h e  d i f f e r e n c e  of almost one degree 
L i t t l e  d i f f e r e n c e  i n  peak dynamic p res su re  is  
This  is  due t o  t h e  t r a d e  
C. -. O r b i t e r  J n t r y  Analysis - I n  o rde r  t o  a l low t h e  s i z i n g  analyses  t o  
proceed independent of t h e  aerolthermo a n a l y s i s  e n t r y  t r a j e c t o r i e s  f o r  t h e  o r b i t e r  
were determined on a p,arametric b a s i s ,  
loading,  W/S, 
t h e  payload range af i n t e r e s t ,  
Th i s  w a s  accomplished by varying planform 
51 and 57 l b s l f t  w e r e  chosen t o  cover 2 Values of W/S equa l  t o  48, 
I n  each case, two c o n s t r a i n t s  w e r e  p r imar i ly  r e spons ib l e  f o r  t h e  bank a n g l e  
v a r i a t i o n  s e l e c t e d  during o r b i t e r  e n t r y .  These were (1) t h a t  t h e  temperature 
should n o t  exceed 2200’F and (2) t h a t  t h e  normal load  f a c t o r  should n o t  exceed 
3g’s. 
Various regions are i n d i c a t e d  as v i o l a t i n g  one o r  more of t h e  c o n s t r a i n t s .  Only 
t h e  region below both curves g ives  s a t i s f a c t o r y  load  f a c t o r s  and temperatures.  
A t h i r d  c o n s t r a i n t  of lesser s i g n i f i c a n c e  i s  a l s o  i n d i c a t e d ,  That is  t h a t  bank 
ang le  should n o t  exceed 90 degrees  beyond 25,500 f t / s e c .  The bank ang le  l i m i t s  
shown apply only t o  t h e  equ i l ib r ium g l i d e  p o r t i o n  of t h e  r een t ry .  
p o r t i o n  which precedes i t  i s  gene ra l ly  more r e s t r i c t e d  i n  bank ang le  s e l e c t i o n .  
Figure 3-15 is a n  example of how t h e s e  c o n s t a i n t s  vary w i t h  v e l o c i t y .  
The p u l l o u t  
The only important aerodynamic fo rces  involved i n  t h e  o r b i t e r  e n t r y  
performance are l i f t  and drag.  C o e f f i c i e n t s  of each of  t h e s e  v a r i a b l e s  as a 
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TABLE 3-3 
BOOSTER E N T R Y  SUMMARY 
TYPE OF STRAP-ON 
SOLID - EXPENDABLE 
SOLID - REUSABLE 
LIQUID - EXPENDABLE 
LIQUID - REUSABLE 
SOLID - EXPENDABLE 
SOLID - REUSABLE 
LIQUID - EXPENDABLE 
LIQUID - REUSABLE 
SOLID - EXPENDABLE 
SOLID - REUSABLE 
LIQUID - EXPENDABLE 
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func t ion  of angle  of a t t a c k  are shown i n  F igure  3-16, 
t h e  ana lyses  and w e r e  obtained from Reference 1. 
These d a t a  w e r e  used i n  
High Angle of Attack Entry - High angle  of a t t a c k  e n t r y  t r a j e c t o r i e s  
were ca l cu la t ed  f o r  those planform loading condi t ions  s t a t e d  previously.  
determining e n t r y  condi t ions  de-orbi t  from a c i r c u l a r  270 n a u t i c a l  m i l e  o r b i t  
was  assumed. 
an e n t r y  f l i g h t  pa th  of -1.5 degrees and a corresponding v e l o c i t y  of 25,990 f t / s e c ,  
Entry is  defined as an a l t i t u d e  of 400,000 f e e t .  
I n  
A r e t rog rade  impulse of about 435 f t / s e c  w a s  appl ied  r e s u l t i n g  i n  
The t r a j e c t o r i e s  were executed by commanding a 50 degree angle  of a t t a c k  
throughout t h e  f l i g h t  regime and by commanding zero bank angle  t o  pu l lou t  and a 
v a r i a b l e  bank angle  t h e r e a f t e r ,  
being near  t h e  h ighes t  poss ib l e  va lue  c o n s i s t e n t  wi th  a 2200’F temperature 
cons t r a in t s .  The maximum l i f t  c o e f f i c i e n t ,  
t h i s  w a s  r e j e c t e d  as y i e l d i n g  too hot  a t r a j e c t o r y ,  
F i f t y  degrees angle  of a t t a c k  w a s  chosen as 
occurs  a t  54 degrees  but  ‘Lmax’ 
A f t e r  angle  of a t t a c k  w a s  chosen t o  produce the  minimum p r a c t i c a l  l i f t - t o -  
drag r a t i o ,  bank angle  i n  g l i d e  w a s  then s e l e c t e d  t o  s a t i s f y  t h e  load  and 
temperature c o n s t r a i n t s ,  
zero i n  order  t o  e l imina te  poss ib l e  hea t ing  problems i n  t h a t  phase of t h e  
t r a j e c t o r y .  Figure 3-17 shows t h e  r e s u l t i n g  bank angle  l i m i t a t i o n s  f o r  each of 
t h e  W/S’s considered. 
W/S. 
t h e  case of W/S = 57, 
c a l c u l a t i o n  w a s  chosen t o  be  
thermodynamic a n a l y s i s  showed, however, t h a t  peak temperature w a s  only 2250’F. 
The lower W/S f i n a l l y  s e l e c t e d  y ie lded  acceptab le  peak temperatures ,  
Bank angle  i n  pu l lou t  w a s  a r b i t r a r i l y  chosen t o  be 
Note t h a t  t h e  load f a c t o r  c o n s t r a i n t  i s  independent of 
The f i g u r e  a l s o  i n d i c a t e s  t h a t  t h e  temperature c o n s t r a i n t  cannot be m e t  f o r  
In  t h i s  i n s t ance  the  bank angle  used i n  t h e  t r a j e c t o r y  
zero from 20,500 t o  15,200 f t / s e c .  Subsequent 
When an at tempt  w a s  made t o  f l y  along these  c o n s t r a i n t s  i t  w a s  found t h a t  
below about 12,000 f t / s e c  an undesirably s t e e p  f l i g h t  pa th  angle  r e s u l t e d .  
t h i s  reason a bank angle  of 45 degrees w a s  chosen f o r  f l i g h t  below 12,000 f t / s e c ,  
The r e s u l t i n g  penal ty  i n  increased  f l i g h t  t i m e  is es t imated  t o  be less than 3%. 
For 
Figures  3-18 and 3-19 show s i g n i f i c a n t  parameters f o r  a r e p r e s e n t a t i v e  e n t r y  
a t  high angle  of a t t a c k ,  
Low Angle of Attack Entry - Low angle  of ac t ack  e n t r i e s  were inves- 
t i g a t e d  for  both maximum c ross  range and minimum t i m e  t r a j e c t o r i e s .  
e n t r i e s  (unbanked f l i g h t )  were omitted as being unrepresenta t ive  of l i k e l y  
missions.  During g l i d e  t h e  angle  of a t t a c k  w a s  chosen t o  be 20 degrees .  
Maximum t i m e  
A t  
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ang les  lower than 20 degrees  upper body hea t ing  becomes c r i t i ca l ,  Planform 
loading and e n t r y  condi t ions  i n  t h i s  case w e r e  t h e  same as those  i n  t h e  h igh  ang le  
of a t t a c k  a n a l y s i s .  
During t h e  a n a l y s i s  i t  w a s  found t h a t  i n  o rde r  t o  prevent  a s k i p  phenomena 
from occuring i t  w a s  necessary t o  perform the p u l l o u t  maneuver a t  h igh  ang le  
of a t t a c k ,  
angle  i s  l i m i t e d  t o  90 degrees ,  s k i p  w i l l  occur  i f  t h e  p u l l o u t  v e l o c i t y  is  
g r e a t e r  than t h e  c i r c u l a r  sa te l l i t e  v e l o c i t y ,  
about 25,800 f t / s e c  f o r  t h e  a l t i t u d e s  of concern,  
v e l o c i t y  as a func t ion  of t he  pu l lou t  angle  of a t t a c k ,  From t h i s ,  one can see 
t h a t  angles  i n  t h e  v i c i n i t y  of 20 degrees are unacceptable  and angles  near  
40 degrees  are a t  b e s t ,  marginal ,  
f o r  t he  pu l lou t  phase, Pu l lou t  v e l o c i t y  w a s  no t  reduced by banking because of t he  
l i ke l ihood  of encounter ing a temperature problem. 
Bank angle  during g l i d e  w a s  s e l e c t e d  t o  e i t h e r  maximize c r o s s  range o r  
Skip is  def ined  as any i n c r e a s e  i n  a l t i t u d e  a f t e r  pu l lou t .  I f  bank 
C i r c u l a r - s a t e l l i t e  v e l o c i t y  i s  
Figure 3-20 shows p u l l o u t  
Therefore,  50 degrees  angle  of a t t a c k  w a s  chosen 
minimize t i m e  s u b j e c t  t o  temperature  and load  f a c t o r  c o n s t r a i n t s .  
p re sen t s  t hese  c o n s t r a i n t s  f o r  each of t he  planform loadings  considered. For 
the  minimum t i m e  cases these  c o n s t r a i n t s  were followed i n  o rde r  t o  minimize t h e  
v e r t i c a l  component of l i f t - t o - d r a g  r a t i o ,  (L/D). However, a t  speeds above 
23,500 f t / s e c ,  bank angle  w a s  modulated t o  damp o s c i l l a t i o n s .  
range e n t r i e s  these same bank angles  w e r e  used a t  h igh  speeds, 
t o  maximize the  rate of change of heading ang le  which i s  p ropor t iona l  t o  the  
s i n e  of t h e  bank ang le ,  
F igure  3-21 
For maximum c r o s s  
The reason being 
The maximum c ross  range e n t r i e s  d i f f e r  from t h e  minimum 
t i m e  e n t r i e s  i n  t h a t  f o r  maximum c ross  range t h e  bank ang le  i s  ramped t o  zero a t  
some optimum speed i n  order  t o  i n c r e a s e  (L/D) and s t r e t c h  o u t  t h e  range t o  t ake  
advantage of t h e  heading change acquired a t  high speeds.  
speed w a s  determined t o  be  about 12,000 f t / s e c ,  
With t h e  above f l i g h t  p lan  s e l e c t i o n s  t r a j e c t o r i e s  w e r e  c a l c u l a t e d  and 
The optimum r o l l  ou t  
performance determined, Figure 3-22 shows the  r e s u l t i n g  c r o s s  ranges and f l i g h t  
t i m e s ,  Note t h a t  even t h e  minimum t i m e  cases g ive  c r o s s  ranges i n  excess  of 
1900 n a u t i c a l  m i l e s .  This  i s  more than  any p r a c t i c a l  requirement.  Thus, t h e  
minimum t i m e  type of e n t r y  w a s  s e l e c t e d  f o r  t h e  r e fe rence  des ign ,  
Figures  3-23 and 3-24 show s i g n i f i c a n t  parameters  f o r  a r e p r e s e n t a t i v e  
o r b i t e r  e n t r y  a t  low ang le  of a t t a c k .  
e n t r y  (400,000 f t . )  t o  p u l l o u t  (-.lo f l i g h t  p a t h  angle)  ang le  of a t t a c k  w a s  
The e n t r y  w a s  executed as fo l lows:  from 
3-33 
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- 1  
! 
, ' I  
N 
50 degrees  and bank angle  w a s  ze ro ,  
20 degrees ,  
and then f l y  a long i t ,  
load  f a c t o r  of 3g'S. 
restrictive load  f a c t o r  boundary w a s  followed, 
5000 f t l s e c  where t h e  v e h i c l e  would normally begin t h e  t r a n s i t i o n  t o  subsonic  
f l i g h t .  
A f t e r  p u l l o u t ,  ang le  of a t t a c k  w a s  kept  a t  
Bank angle  w a s  modulated t o  drop t o  a 2200'F temperature boundary 
A t  about 1880 seconds the  v e h i c l e  experienced a normal 
The temperature  boundary w a s  then l e f t  and the  more 
The t r a j e c t o r y  w a s  terminated a t  
O r b i t e r  Entry Sumpary - Figure  3-25 compares a l t i t u d e - v e l o c i t y  pro- 
. .. - 
f i l e s  f o r  high and low ang le  of a t t a c k  e n t r i e s .  
s e l e c t e d  as being r e p r e s e n t a t i v e ,  
same a l t i t u d e  v e l o c i t y  p r o f i l e  by means of d i f f e r e n t  bank angle  h i s t o r i e s .  
f l i g h t  t i m e s  would a l s o  be d i f f e r e n t ,  
A planform Xoading, W/S, of 51  w a s  
D i f f e r e n t  va lues  of W/S would produce t h e  
The 
The approximate 2200'F isotherms 
included i n  the f i g u r e  demonstrate how the  t r a j e c t o r i e s  were shaped and show 
t h a t  t he  temperature c o n s t r a i n t  can be m e t ,  
low angle  of a t t a c k )  even lower peak temperatures  are p o s s i b l e  b u t  on ly  a t  t h e  
expense of increased  f l i g h t  t i m e  and subsequent ly  increased  t o t a l  h e a t ,  
I n  some ins t ances  ( p a r t i c u l a r l y  a t  
F igure  3-26 shows a l t i t u d e ,  down range and c r o s s  range f o r  t h e  same two 
t r a j e c t o r i e s .  It i s  worth not ing  t h a t  even t h e  h igh  ang le  of a t t a c k  case  exceeds 
400 n a u t i c a l  m i l e s  of c r o s s  range which is more than  enough f o r  once-a-day r e t u r n  
c a p a b i l i t y .  The low ang le  of a t t a c k  case has  a c r o s s  range of 2000 n a u t i c a l  
m i l e s ,  
Table 3-4 summarizes c r o s s  ranges and t i m e s  f o r  each of 9 e n t r i e s .  A 
cons iderable  amount of mission f l e x i b i l i t y  i s  ind ica t ed .  Cross range can be as 
h igh  as almost 2700 n a u t i c a l  m i l e s  wi th  a corresponding f l i g h t  t i m e  of 2600 
seconds. I f  less than 400;naut ica l  m i l e s  of c ros s  range i s  needed, f l i g h t  t i m e  
can be reduced t o  about 1300 seconds,  
a t  h igh  ang le  of a t t a c k  a l l  cases experience a peak temperature  of 2200'F. 
t he  heav ie s t  v e h i c l e  is l igh tened  t o  a W/S of 56, i t  too  w i l l  experience only  
2200'F. 
With t h e  except ion  of t h e  h e a v i e s t  v e h i c l e  
I f  
D, Thermodynamic Analysis  - One of t h e  ground r u l e s  e s t a b l i s h e d  f o r  t h i s  
s tudy  w a s  t h a t  t h e  Thermal P r o t e c t i o n  System (TPS) f o r  t h e  Concept "5" core  
v e h i c l e  conf igu ra t ions  be i d e n t i c a l  t o  t h e  TPS developed f o r  t he  o r b i t e r  i n  t h e  
SAMSO-STS s tudy .  However, d i f f e r e n t  f l i g h t  t r a j e c t o r i e s  were n e c e s s i t a t e d  f o r  
t h i s  s tudy because of changes i n  o r b i t  a l t i t u d e ,  payload weight and propuls ion  
requirements.  Thus the  purpose of t h e  thermodynamic ana lyses  i n  t h i s  s tudy  w a s  
3-39 
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TABLE 3-4 
ORBITER ENTRY SUMMARY 
PLANFORM 
LOADING, W/S 
( L B/ F T ~ )  




*HIGH a; MINIMUM TIME 
"HIGHa; MINIMUM TIME 




*LOW a; MINIMUM TIME 
*LOW a; MINIMUM TIME 




LOW a ;  MAXIMUM CROSS RANGE 
LOWa; MAXIMUM CROSS RANGE 
LOW MAXIMUM CROSS RANGE 
405 1329 
498 1252 
526 121 0 
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t o  (1) d e f i n e  t h e  thermal boundaries which serve as a c o n s t r a i n t  i n  t h e  t r a j e c t o r y  
shaping ana lyses  and (2) through d e t a i l ,  thermal a n a l y s i s  of t h e  cr i t ical  
t r a j e c t o r i e s  ensure t h a t  t h e  TPS l i m i t s  are n o t  v i o l a t e d ,  
I n i t i a l l y ,  thermal boundaries f o r  a 2200°F bottom s u r f a c e  temperature f o r  
e n t r y  a t  ang le s  of a t t a c k  of 20" and 50" w e r e  cons t ruc t ed ,  The 2200°F isotherm 
i s  a func t ion  of a l t i t u d e ,  v e l o c i t y ,  ang le  of  a t t a c k  and v e h i c l e  l e n g t h ,  These 
parameters served as c o n s t r a i n t s  i n  developing t h e  o r b i t e r  and boos te r  e n t r y  
t r a j e c t o r i e s ,  
peak temperatures everywhere on t h e  v e h i c l e  s u r f a c e  d i d  n o t  v i o l a t e  t h e  TPS 
c a p a b i l i t i e s  and a l s o  t h a t  t h e  i n t e r n a l  temperatures,  which are in f luenced  
s t r o n g l y  by h e a t i n g  du ra t ion ,  are w i t h i n  t h e  accep tab le  l i m i t s .  
The r e s u l t i n g  t r a j e c t o r i e s  w e r e  analyzed t o  a s c e r t a i n  t h a t  t h e  
O r b i t e r  _- - -- Entry Heat ing - O r b i t e r  e n t r y  t r a j e c t o r i e s  f o r  low (a=20") and 
high (a = 50") a n g l e  of a t t a c k  and f o r  each of t h r e e  payload weights were de f ined  
i n  Sec t ion  C ,  However, only t h e  e n t r i e s  w i th  t h e  h i g h e s t  payload weight (50,000 
l b )  were i n v e s t i g a t e d  s i n c e  t h e s e  e n t r i e s  r e s u l t  i n  hkgher temperatures.  
Figures  3-27 and 3-28 p r e s e n t  t h e  h e a t  f l u x  and s u r f a c e  temperature h i s t o r i e s  
expected on t h e  o r b i t e r  bottom s u r f a c e  c e n t e r  l i n e ,  30 f e e t  a f t  of  t h e  nose cap. 
The corresponding curves from t h e  SAMSO-STS s tudy  which s i z e d  t h e  TPS are a l s o  
included f o r  comparison, 
coo le r  than t h e  2200'F Concept 1 1 $ 1 1  va lues  bu t  t he  h e a t i n g  d u r a t i o n  is 
longer .  
are depicted i n  Figure 3-29. 
2200'F service temperature of TD n i c k e l  chrome, 
savings i n  i n s u l a t i o n  can be achieved i f  t h e  TPS i s  designed t o  t h e  s h o r t e r  
Concept "s" e n t r i e s .  
The SAMSO-STS Peak temperature p r o f i l e s  are about 200°F 
Peak s u r f a c e  temperatures a t  v a r i o u s  p o i n t s  on t h e  Concept "St '  o r b i t e r  
The Concept "S" peak temperatures are w i t h i n  t h e  
However, a 10% weight 
Note i n  Figure 3-28 t h e  c l o s e  s i m i l a r i t y  of peak s u r f a c e  temperatures ,  even 
though t h e  ang le  of a t t a c k  of t h e  two Concept "S" t r a j e c t o r i e s  vary between 20° 
and 50°. This i s  due t o  t h e  compensating e f f e c t  ang le  of a t t a c k  has  on h e a t i n g  
rate f o r  a l i f t i n g  body, 
h e a t  t r a n s f e r  rate bu t  i t  w i l l  a l s o  i n c r e a s e  t h e  l i f t  c o e f f i c i e n t ,  Thus t h e  
v e h i c l e  w i l l  d e c e l e r a t e  a t  a h ighe r  a l t i t u d e  where lower h e a t i n g  rates p r e v a i l ,  
Often, boundary l a y e r  t r a n s i t i o n  o r  c r o s s  flow e f f e c t s ,  parameters which depend 
on ang le  of a t t a c k ,  can alter t h i s  conclusion. 
I n  gene ra l ,  t h e  higher  a n g l e  of a t t a c k  w i l l  i n c r e a s e  t h e  
P r e d i c t i o n  of t h e  laminar and t u r b u l e n t  hea t ing  rates are based on a s impli-  
f i e d  numerical c o r r e l a t i o n  of r e s u l t s  computed by Hank's Rho-Mu method, The 
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Rho-Mu theory y i e l d s  t h e  b e s t  c o r r e l a t i o n  of t u r b u l e n t  f l i g h t  d a t a  and compares 
f avorab le  w i t h  o t h e r  methods f o r  e s t ima t ing  laminar hea t ing  rates, 
e f f e c t s ,  which cause a h ighe r  h e a t i n g  rate wi th  i n c r e a s i n g  a n g l e  of  a t t a c k ,  
w a s  a l s o  f ac to red  i n  t h e  a n a l y s i s .  T r a n s i t i o n  of t h e  laminar boundary l a y e r  is  
assumed t o  i n i t i a t e  a t  a r a t i o  of momentum Reynolds number t o  l o c a l  Mach number 
(Ree/%) 
hea t ing  during t h e  i n t e r i m  i n c r e a s e s  from laminar t o  f u l l y  t u r b u l e n t  h e a t i n g  i n  
d i r e c t  proport ion t o  Ree/%. 
t r a n s i t i o n  has  a high degree of u n c e r t a i n t y ,  
i n  temperature due t o  t r a n s i t i o n  u n c e r t a i n t y  i s  n o t  ove r ly  severe as i n d i c a t e d  
by comparing t h e  temperatures p red ic t ed  by two d i f f e r e n t  t r a n s i t i o n  cr i ter ia ,  
Cross flow 
of 150 and become f u l l y  t u r b u l e n t  a t  Reg/% of 212. T r a n s i t i o n a l  
It i s  w e l l  known t h a t  any method of p r e d i c t i n g  
A s  shown i n  Figure 3-30 t h e  i n c r e a s e  
Booster Entry Heating - In t h i s  s tudy  t h e  assumption w a s  made t h a t  t h e  
boos te r  and o r b i t e r  have i d e n t i a l  thermal p r o t e c t i o n  systems. This  assumption 
permits  t h e  interchange of func t ions  between v e h i c l e s ,  b u t  i t  imposes a weight 
pena l ty  on t h e  boos te r  TPS. 
t h e  booster  e n t r y  temperatures are less seve re  and of s h o r t e r  d u r a t i o n  than t h e  
o r b i t e r  e n t r y  temperatures,  
i n  Figure 3-31 whereas t h e  peak e n t r y  temperatures over  t h e  boos te r  s u r f a c e  are 
depicted i n  Figure 3-29, 
4200 l b  i f  t h e  TPS i s  designed t o  withstand only t h e  boos te r  environment. 
Since t h e  boos te r  does n o t  a t t a i n  o r b i t a l  v e l o c i t y ,  
A t y p i c a l  boos t e r  temperature p r o f i l e  i s  presented 
It is  est imated t h a t  t h e  boos te r  TPS can be  reduced by 
Launch Heating - A t h r e e  t o  t e n f o l d  i n c r e a s e  i n  launch hea t ing  can occur 
i n  t h e  c a v i t y  r eg ion  formed when t h e  boos te r  and o r b i t e r  are mated b e l l y  t o  b e l l y  
i n  t h e  launch pos i t i on .  However, t he  r e s u l t i n g  launch temperatures i n  t h i s  
c r i t i ca l  area w i l l  be much less than those experienced on t h e  bottom s u r f a c e  
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3.1.2.3 
i n  t h r e e  phases. 
ground r u l e s  and d a t a  f o r  subsequent gene ra t ion  of b a s e l i n e  zero s t a g e  s i z e s .  
second phase w a s  conducted t o  demonstrate t h e  e f f e c t  of va r ious  s i z i n g  op t ions  on 
t h e  concept and t o  select a b a s e l i n e  system. 
b a s e l i n e  zero s t a g e  designs.  
produce approximate s i z i n g  d a t a  f o r  o t h e r  op t ions .  
Propuls ion S iz ing  Analysis  - The propuls ion  s i z i n g  s tudy  w a s  conducted 
The f i r s t  phase w a s  concerned wi th  developing b a s i c  s i z i n g  
The 
The t h i r d  phase w a s  gene ra t ion  of 
I n  a d d i t i o n ,  t h e  b a s e l i n e  d a t a  w a s  ex t r apo la t ed  t o  
A. Stage S iz ing  Analysis  - I n  order  t o  e f f e c t  a reasonable  des ign  of t h e  
va r ious  propuls ion  systems (i .e.  c o r e  s t a g e  and zero  s t rap-ons)  requi red  f o r  t h e  
Siamese concept c e r t a i n  b a s i c  s i z i n g  ground r u l e s  and d a t a  had t o  be e s t ab l i shed .  
I n  t h e  case of t h e  propuls ion  systems f o r  t h e  co re  v e h i c l e s  b a s i c  c h a r a c t e r i s t i c  
d a t a  w a s  obtained from t h e  r e s u l t s  of t h e  SAMSO STS s tudy ,  Reference 1. The 
NASA provided t h e  b a s i c  c h a r a c t e r i s t i c  d a t a  f o r  s i z i n g  both t h e  s o l i d  and l i q u i d  
ze ro  s t a g e  strap-ons.  
Core Stage Evaluat ion - I n  s i z i n g  t h e  core  v e h i c l e s  propuls ion  systems 
s e v e r a l  des ign  dec i s ions  were requi red  involv ing  s c a l i n g  procedures f o r  varying 
payload and performance c h a r a c t e r i s t i c s .  S p e c i f i c a l l y  these  included d e f i n i t i o n  
of t h e  degree of o r b i t e r / b o o s t e r  s t a g e  commonality, payload envelope and c o r e  
s t a g e  s c a l i n g  wi th  payload. 
Since one of t h e  o b j e c t i v e s  of t h e  c u r r e n t  space s h u t t l e  programs i s  t o  
achieve a major reduct ion  i n  o r b i t a l  payload d e l i v e r y  c o s t  i t  w a s  decided t o  
ground r u l e  a maximum of eommonality between o r b i t e r  and boos ter  s t ages .  
imp l i ca t ion  of t h i s  ground r u l e  t o  t h e  propuls ion  systems is t h a t  they be completely 
interchangeable .  I n  b r i e f ,  t h e s e  systems inc lude  an a t t i t u d e  c o n t r o l  system, 
an  a i r  brea th ing  boos ter  c r u i s e  back and o r b i t e r  landing assist syscem and a 
boost  propuls ion  system f o r  launch and o r b i t  i n s e r t i o n .  Fur ther  d e s c r i p t i o n  
of t h e s e  systems can be found i n  Sec t ion  3.1.5 of t h i s  r e p o r t .  
The 
No obvious problem e x i s t s  i n  making t h e  a t t i t u d e  c o n t r o l  system common 
between t h e  two s tages .  
There i s  some commonality pena l ty  i n  p r o p e l l a n t  tankage f o r  t h e  3P-4 f u e l  
of t h e  a i r  brea th ing  system. Since t h e  landing  weight of bo th  core  s t a g e s  is 
q u i t e  similar t h e  engines  are equa l ly  adaptab le  t o  e i t h e r  s t age .  The boos te r  
c r u i s e  back cond i t ion  however, r e q u i r e s  approximately e i g h t  t i m e s  the o r b i t e r  
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The tankage pena l ty  w a s  
o r b i t e r  s t a g e  tanks were o f f  loaded t o  t h e  appropr i a t e  
weight values.  
Another commonality d e c i s i o n  r equ i r ing  r e s o l u t i o n  
of t h e  empty boos te r  payload bay. Leaving t h e  payload 
obvious mass f r a c t i o n  compromise. Extending t h e  s h o r t  
considered accep tab le  i f  t h e  
landing assist JP-4 f u e l  
concerned t h e  u t i l i z a t i o n  
bay empty r e p r e s e n t s  a n  
boost  system p r o p e l l a n t  
tank forward through t h e  a f t  payload bay bulkhead f o r  an i n t e g r a l  s t a g e  tank 
design des t roys  s t a g e  system commonality. The b e s t  s o l u t i o n  found t o  p re se rve  
commonality w a s  t o  s i z e  drop-in tanks f o r  t h e  empty boos te r  payload bay. This  
r e s u l t e d  i n  a loaded boos te r  weight which w a s  g r e a t e r  than t h e  o r b i t e r .  
I f  common engines are used t h e  s t a g e  thrust-to-weight r a t i o  is reduced 
con t r ibu t ing  t o  h ighe r  boost  l o s ses .  The thrust-to-weight r a t i o  s h i f t  is no t  
l a r g e  however, and t h e  e f f e c t s  were f e l t  t o  be  acceptable .  Consequently, 
t h e  drop-in tank w a s  s e l e c t e d  f o r  t h e  boos te r  s t a g e  payload bay t o  maximize 
b o o s t e r / o r b i t e r  commonality and t h e  s l i g h t l y  higher  l o s s e s  accepted i n  t h e  
i n t e r e s t  of u t i l i z i n g  common boos t  engines. 
The s i z i n g  o b j e c t i v e  included d e f i n i t i o n  of o r b i t e r  v e h i c l e s  f o r  12,500, 
25,000 and 50,000 pound payloads. 
envelope. These inc lude  v a r i a b l e  dens i ty ,  l e n g t h ,  diameter and length-to- 
diameter r a t i o .  The o u t e r  mold l i n e s  of t h e  core  s t a g e s  and conversely i t s  mass 
f r a c t i o n s  are s t r o n g l y  a f f e c t e d  by t h e  payload bay dimensions. 
t h e  s t a g e  p r o p e l l a n t  mass f r a c t i o n  would be  maximized by a h igh  d e n s i t y  
payload with a f i x e d  length-to-diameter r a t i o .  
b i l i t y  of t h e  s h u t t l e  concept, however, i t  i s  u n l i k e l y  t h a t  t h e  payloads could 
be c o n t r o l l e d  i n  t h i s  manner. The o r b i t e r  model f o r  t h i s  s tudy w a s  designed f o r  
a 50,000 pound payload w i t h  a 15 f t  diameter and 60 f t  l e n g t h  envelope. 
s h u t t l e  s t u d i e s  have s p e c i f i e d  a minimum payload diameter of 15 f t .  
SAMSO STS o r b i t e r  model w a s  a l r e a d y  a t  t h i s  minimum; t h e  1 5  f t  diameter  w a s  
r e t a i n e d  wi th  a v a r i a b l e  l eng th  e s t a b l i s h e d  by t h e  d e n s i t y  corresponding t o  
50,000 l b .  i n  a 60 f t  length.  Th i s  d e n s i t y  w a s  4.72 l b / f t  . 
Severa l  op t ions  e x i s t  f o r  d e f i n i t i o n  of payload 
Within l i m i t s ,  
Considering t h e  intended f l e x i -  
Other 
Since t h e  
3 
The remaining ques t ion  r equ i r ing  r e s o l u t i o n  concerned t h e  manner of varying 
t h e  c o r e  s t a g e  c h a r a c t e r i s t i c s  w i t h  payload. 
t h e  des ign  parameters of t h e  model. 
s t a g e  thrust-to-weight r a t i o  and c h a r a c t e r i s t i c  v e l o c i t y  and s c a l i n g  t h e  s t a g e  
around t h e  s h o r t e r  payload l e n g t h s  by mass and l eng th  r e l a t i o n s .  
The obvious choice was t o  r e t a i n  
Th i s  i s  g r o s s l y  i d e n t i f i e d  by f i x i n g  t h e  
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w a s  t o  simply p l a c e  smaller payloads i n t o  t h e  50,000 l b  payload s tage .  The sub- 
system des igns  generated f o r  t h e  model o r b i t e r  would remain e s s e n t i a l l y  un- 
changed allowing maximum u t i l i z a t i o n  of t h e  SAMSO STS s t u d i e s  r e s u l t s .  With 
t h i s  op t ion  t h e  thrust-to-weight r a t i o n  and c h a r a c t e r i s t i c  v e l o c i t y  change wi th  
payload. Since t h i s  op t ion  has  unused o r b i t e r  payload bay volume a t  t h e  lower 
payloads, o r b i t e r  drop-in tanks  can be  added t o  maximize t h e  core  s t a g e  propel- 
l a n t  loading.  
It would be  equal ly  appropr i a t e  t o  select any o t h e r  combination of charac- 
terist ics w i t h i n  t h e  scope of t h i s  problem. I f  t h e  thrust-to-weight r a t i o  i s  
maintained w i t h i n  t h e  range of t h e  model o r b i t e r ,  a r b i t r a r i l y  f i x i n g  i t s  va lue  
i s  not  detrimental. Orb i t e r  c h a r a c t e r i s t i c  v e l o c i t y ,  however, has  a major 
i n f luence  on t h e  c o r e  v e h i c l e  s i z e  as demonstrated i n  F igure  3-32. 
mold l i n e s  of t h e  l i f t i n g  body are def ined  by t h e  volume of t h e  p rope l l an t  
requi red  and by t h e  payload bay envelope. 
t h e  s t r u c t u r e  and p rope l l an t  tanks  conf igu ra t ion  t h e  c h a r a c t e r i s t i c  v e l o c i t y  
s t a g e  performance i s  d i r e c t l y  r e l a t e d  t o  s t a g e  l eng th  and payload. 
shows t h e  d a t a  generated by s c a l i n g  t h e  model parameters. The d i s c r e t e  p o i n t s  
as ind ica t ed  r ep resen t  t h e  f i x e d  o r b i t e r / v a r i a b l e  payload op t ion  wi th  o r b i t e r  
drop-in tanks i n  t h e  unused payload bay volume. 
drop-in tanks i n  improving t h e  c h a r a c t e r i s t i c  v e l o c i t y  of a f ixed  l eng th  o r b i t e r  
as payload i s  decreased. This  i n f e r s  t h a t  t h e  p rope l l an t  mass f r a c t i o n  i s  improved 
The o u t e r  
S ince  t h e  v e h i c l e s  mold l i n e s  r e f l e c t  
This  f i g u r e  
Note t h e  e f f e c t  of t h e  o r b i t e r  
as would be expected. 
Figure 3-33 demonstrates t h a t  t h e  core  v e h i c l e  mass f r a c t i o n  a l s o  improves 
wi th  s t a g e  length .  
wi th  length.  
e f f i c i e n c y ,  maximum core  s t a g e  l eng th  tends toward maximized core  s t a g e  per for -  
mance. 
This  i s  a r e s u l t  of cons t an t ly  improving volumetr ic  e f f i c i e n c y  
Since  p rope l l an t  mass f r a c t i o n  is  an  index of t h e  s t a g e  performance 
The previous d a t a  r e f l e c t s  t h e  a d d i t i o n  of two s t r u c t u r a l  increments t o  
t h e  b a s i c  core  s tage .  
s t a g e s  and a p r o p e l l a n t  t r a n s f e r  system t o  a l low p a r a l l e l  burn of a l l  c o r e  s t a g e  
engine a t  l i f t  o f f  without  d e p l e t i o n  of o r b i t e r  p rope l l an t .  F igure  3-34 d e f i n e s  
t h e  drop-in-tanks s i z e d  f o r  t h e  payload bays. 
c o r e  s t a g e  boost  tanks  are re t a ined .  
def ined  by Sec t ion  A-A. 
.373 l b / f t 3 .  
These were appropr i a t e ly  s i zed  drop-in tanks i n  t h e  co re  
A l l  t h e  des ign  f e a t u r e s  of t h e  
The same i n s u l a t i o n  system w a s  used as 
The i n s u l a t i o n  system has a s p e c i f i e d  weight of 
The tanks are a l l  15 f t  i n  diameter  wi th  v a r i a b l e  l eng ths  ranging 
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E F F E C T  OF CHA ACTERISTIC 
VELOCIT ON ORBITE L E N G T H  
FIGURE 3-32 
FOLLOW ON REPORT MDC E0109 
STUDY Optimized Cost/Performance Design Methodology 2 MARCH 1970 
























ORBITER LENGTH - F T  
FIGURE 3-33 3-54 
NICDONNELL DOUGLAS ASTRONAUr8CS 
FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/ Performance Design Methodo logy STUDY 
DROP-I TANK IZING 
TANK SKIN 
EPOXY ADHESIVE (.095 LB/FT~)  
FIBERGLAS CLOTHLINER (.OD LB/FT~)/POLYURETHAN E RESIN (.033 LBIFT~) -LL POLYURETHANE RESIN SEALER (.026 LB/FT2) 
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from 1 5  t o  60 f t .  
equal  t o  .707 t i m e s  t h e  tank diameter. An allowance w a s  made f o r  l i n e s ,  va lves  
and f i t t i n g s  requi red  t o  pump t h e  f u e l  from t h e s e  tanks i n t o  t h e  tank  loca ted  
back of t h e  a f t  payload bay bulkhead. 
along wi th  t h e  tank weights.  A one  percent  p rope l l an t  r e s i d u a l  w a s  allowed. 
P a r a l l e l  burn of co re  s t a g e  engines a t  l i f t - o f f  w a s  a NASA imposed s tudy con- 
s t r a i n t .  Figure 3-35 de f ines  t h e  weight added f o r  a p rope l l an t  t r a n s f e r  system. 
The p rope l l an t  i s  t r a n s f e r r e d  by pumping from tank  t o  tank ac ross  t h e  core  s t a g e  
i n t e r f a c e .  
The tanks are a common bulkhead des ign  wi th  t h e  bulkhead he igh t  
The usab le  p rope l l an t  capac i ty  is shown 
This  l e v e l  of d e t a i l  provided a l l  the  d a t a  requi red  t o  s i z e  t h e  core  s t a g e s  
pending s e l e c t i o n  of a b a s e l i n e  conf igura t ion .  Se lec t ion  of t h e  base l ine ,  how- 
ever ,  r equ i r e s  an eva lua t ion  of t h e  e f f e c t  of s i z i n g  opt ions  on t h e  t o t a l  veh ic l e .  
Before t h i s  could be accomplished, an equiva len t  d e f i n i t i o n  of zero  s t a g e  s i z i n g  
d a t a  w a s  required.  
Zero Stage Evaluat ion - The b a s i c  d a t a  f o r  eva lua t ion  of t h e  zero 
s t ages  w a s  suppl ied by t h e  NASA and included d e f i n i t i o n  of expendable e a r t h  
s t o r a b l e  l i q u i d  and segmented s o l i d  s t a g e s  wi th  appropr i a t e  burn-out weight and 
adjustment f o r  r e u s a b i l i t y .  
The segmented s o l i d  d a t a  w a s  suppl ied  i n  t h e  form of s p e c i f i e d  des ign  p o i n t s  
f o r  t h r e e  and fou r  segment 156 inch  diameter motors and a seven segment 120 
inch diameter motor. 
segment motors. 
from t h e  re ference  d a t a  and recombining them i n  t h e  des i r ed  combinations. 
Figure 3-36 desc r ibes  t h e  s o l i d  motor s p e c i f i c  impulse as w e l l  as t h e  segment 
and c losu re  d a t a  i n f e r r e d  from t h e  156 inch motor des ign  poin ts .  
approach f o r  a 120 inch  motor s i z e  w a s  no t  poss ib le .  
i nd ica t ed  t h a t  t h e  120 inch  diameter motors were too s m a l l  t o  be gene ra l ly  
app l i cab le  t o  t h e  Siamese concept. 
d a t a  w a s  used throughout t h e  study. 
The 156 inch  d a t a  w a s  ex t rapola ted  t o  d e f i n e  one t o  f i v e  
This  w a s  accomplished by e x t r a c t i n g  segment and c losu re  s i z e s  
A similar 
I n  add i t ion ,  e a r l y  r e s u l t s  
Therefore,  only t h e  156 inch  diameter motor 
The r e s u l t s  of t h e  s o l i d  motor ex t r apo la t ion  are shown i n  terms of weight 
and l eng th  i n  Figure 3-37. 
s i z e  of t hese  l a r g e  motors. 
of i n t e r e s t  are i n  t h e  same range as t h e  core  veh ic l e s .  
between expendable and r eusab le  motors r e f l e c t  t h e  a d d i t i o n  of 10% of t h e  burn-out 
This  f i g u r e  g ives  an  i n d i c a t i o n  of t h e  phys ica l  
The loaded motor weight and l eng th  i n  t h e  reg ion  
The weight increment 
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weight f o r  r e u s a b i l i t y .  This  e f f e c t  is more 
Design Methodology 
r e a d i l y  apparent  through examination 
of t h e  motor mass f r a c t i o n  as shown by Figure  3-38.  
found f o r  t h i s  s t a g e  over t h e  mass f r a c t i o n s  ca l cu la t ed  f o r  t h e  core  s t ages .  The 
improvement i s  approximately t e n  percent  f o r  corresponding s t a g e  weights.  
A decided advantage is 
The NASA suppl ied  an equat ion  f o r  e a r t h  s t o r a b l e  b i p r o p e l l a n t  zero  s t a g e s  
r e l a t i n g  t h e  mass r a t i o  t o  launch weight and engine sea l e v e l  t h r u s t .  A reduced 
form of t h e  equat ion is  shown i n  Figure 3-39 wi th  d e f i n i t i o n  of t h e  appropr i a t e  
i npu t s  as w e l l  as s t a g e  s p e c i f i c  impulse. A t e n  percent  i nc rease  i n  burn-out 
weight w a s  added as d i r e c t e d  by t h e  NASA t o  provide f o r  mounting pads and 
assoc ia ted  strap-on s t r u c t u r e .  
developed from t h e  equation. A s  previously ind ica t ed  f o r  t h e  s o l i d  s t ages ,  a 
10  percent  burn-out weight increment w a s  added f o r  r e u s a b i l i t y .  
equat ion ind ica ted  a t h r u s t  dependency, t he  mass f r a c t i o n s  w e r e  def ined f o r  a 
range of app l i cab le  t h r u s t  l e v e l s .  
t h e  mass f r a c t i o n  values .  
cal t o  t h e  s o l i d  s t a g e  m a s s  f r a c t i o n s  a t  equal  s t a g e  weights.  
F igure  3-40 shows l i q u i d  zero  s t a g e  mass f r a c t i o n s  
Since t h e  
A s  shown t h r u s t  has a very l i t t l e  e f f e c t  on 
The l i q u i d  s t a g e  mass f r a c t i o n s  are v i r t u a l l y  i d e n t i -  
t 
The l i q u i d  s t a g e  weight equat ion  r equ i r e s  two d a t a  inpu t s ,  namely engine and 
va lves  weight and s t a g e  nose cone weight. 
con t r ibu t ion  of t h e  engine and va lve  weight expression. 
are p l o t t e d  on t h e  f i g u r e  t o  show how t h e  r e l a t i o n s h i p  approximates t h e  weight 
of cu r ren t  designs.  
McDonnell-Douglas during t h e  study. The weights shown were der ived t o  be consis-  
t e n t  wi th  cu r ren t  launch v e h i c l e  nose cone angles  of 34'. 
nose cone weights are defined by t h e  base  diameter. 
F igure  3-41 i s  included t o  show t h e  
Exis t ing  engines  weights 
The nose cone weight shown i n  Figure 3-42 was developed by 
Using t h i s  da t a ,  t h e  
Completion of t h e  zero s t a g e  s i z i n g  a n a l y s i s  suppl ied t h e  r e l a t i o n s  requi red  
t o  de f ine  t h e  composite veh ic l e s .  
i n i t i a t e d  t o -  d e f i n e  t h e  e f f e c t s  of t h e  va r ious  s t a g e  s i z i n g  opt ions  and select a 
base l ine  design concept. 
Therefore  t h e  second phase of t h e  s tudy w a s  
B. Siz ing  Options Analysis  - The i n t e n t  of t h e  s i z i n g  a n a l y s i s  w a s  para- 
metric i n  na tu re  r a t h e r  than opt imiza t ion  of t h e  concept. 
designed t o  perform a given mission is inf luenced by many f a c t o r s .  
f a c t o r s  a f f e c t i n g  v e h i c l e  s i z e  are as follows: 
The s i z e  of a v e h i c l e  
The prime 
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Orb i t e r  C h a r a c t e r i s t i c  Veloci ty  - Provides an index of t h e  energy 
con t r ibu t ion  of each state. This  v e l o c i t y  parameter i s  the major 
c o n t r i b u t e r  
pound of gross-launch-weight) . 
Use R a t e  of Zero Stage P r o p e l l a n t  - Control led by ze ro  s t a g e  t h r u s t  
level and is prime in f luence  on l i m i t i n g  v e l o c i t y  lo s ses .  
Booster P r o p e l l a n t  F r a c t i o n  Used During Zero Stage Burn - Control led by 
booster  engine t h r u s t  s e t t i n g  during zero s t a g e  operat ion.  A f f e c t s  
s t ag ing  e f f i c i e n c y  (amount of i n e r t  weight c a r r i e d  by each pound of 
p r o p e l l a n t ) .  
t o  t h e  payload e f f e c t i v e n e s s  of t h e  v e h i c l e  (Payload p e r  
Rate of Booster P r o p e l l a n t  Use During Zero Stage Burn - Control led by 
boost  engine t h r u s t  p r o f i l e  during ze ro  s t a g e  burn. A f f e c t s  v e l o c i t y  
lo s ses .  
Phys ica l  Design L i m i t s  - Controls t h e  e x t e n t  t o  which t h e  o t h e r  prime 
f a c t o r s  can be exercised.  S e t s  l i m i t s  on i n i t i a l  thrust-to-weight, 
maximum dynamic p res su re ,  maximum a c c e l e r a t i o n  as a f u n c t i o n  of 
s t r u c t u r a l  and thermal c o n s t r a i n t s .  E s t a b l i s h e s  l i m i t s  a s s o c i a t e d  wi th  
p a r a l l e l  burn and a v a i l a b l e  t h r o t t l e  r a t i o .  
For an in-depth design of t h e  Siamese concept t h e  des ign  l i m i t s  would be  
s e l e c t e d  by exhaust ive t r a d e  s tudy a n a l y s i s .  That,  however, w a s  beyond t h e  
scope of t h e  c u r r e n t  study. The c o n s t r a i n t s  f o r  t h i s  s tudy are o u t l i n e d  i n  
Figure 3-43. 
Study. 
d i r e c t e d  by t h e  NASA. 
hardware developments. 
t o  s impl i fy  drag estimates. 
The i n i t i a l  thrust-to-weight r a t i o  was taken from t h e  SAMSO STS 
P a r a l l e l  burn and d i f f e r e n t i a l  t h r o t t l i n g  t h r u s t  v e c t o r  c o n t r o l  w a s  
The t h r o t t l e  r a t i o  s e l e c t e d  i s  c o n s i s t e n t  w i t h  p ro jec t ed  
Dimensional c o n s t r a i n t s  were e s t a b l i s h e d  f o r  ze ro  s t a g e s  
S iz ing  E f f e c t s  Analysis - A computer program w a s  developed t o  
generate  v e h i c l e  s i z i n g  da ta .  
showing t h e  v e h i c l e  s i z e  d e f i n i t i o n  a n a l y s l s .  
t o  i n p u t  an i d e a l  mission v e l o c i t y  ( inc lud ing  lo s ses )  and a given core 
veh ic l e .  The programs then compute t h e  ze ro  s t a g e  s i z e s  w i t h i n  t h e  c o n s t r a i n t s  
imposed by t h e  s i z i n g  ground r u l e s .  
(1) assuming a zero s t a g e  p r o p e l l a n t  weight i n  o r d e r  t o  c a l c u l a t e  t h r u s t  and 
burn t i m e ,  (2) d e f i n e  an e f f e c t i v e  s p e c i f i c  impulse va lue  inc lud ing  t h e  c o r e  
Figure 3-44 i s  a flow c h a r t  of the  program 
The b a s i c  s i z i n g  method w a s  
The a n a l y s i s  mechanism c o n s i s t s  of 
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PROPULSION STUDY 
CONSTRAINTS 
0 1.35 INITIAL SEA LEVEL T H R U S T - T O - ~ E I ~ H T  
0 PARALLEL BURN AT LIFT-OFF 
0 10 TO 1 MAXIMUM VACUUM THROTTLE RATIO 




0 156 IN. MAXIMUM SOLID MOTOR NOZZLE EXIT 
0 LIQUID STAGE TANK DIAMETER EQUAL TO NOZZLE 
0 POSSIBLE NOZZLE SEPARATION PERFOR 
FIGURE 3-43 3-67 




REPORT MDC E0109 
2 MARCH 1970 
Optimized CosVPerformance Design Methodology 
FO + FR FR=- 2 
START 
ZERO STAGE 
SIZING PROGRAM FLOW CHART 
MISSION VELOCITY = M 
ZERO STG ISP (VAC) 
BOOSTER ISP (S. L.) 
BOOSTER ISP (VAC) 
BOOSTER WE1 GHT 







ORBITER WE1 GHT 
ORBITER REF WT 
T 
D+Z=O TO 1 
SETY l= l  
SET ZERO STG PROP = PO 
SET: LIQ ZERO GTG THRUST 
I 
1 











GROSS LAUNCH WT 
ZERO STG THRUST = 
1.35* GLW-CORE THRUST 
I 
ZERO STG BURN - TIME 
BOOSTED =ZERO BURN-TME 
ZERO STG FLOW RATE 
BOOSTER FLOW RATE 
BOOSTER MAX. FLOW RATE 
BOOSTER PROP BURNED 
’ 
REMAINING BOOSTER AV = B 
ZERO STG EFF ISP 
ZERO STG SEP AV = A 
I ’  
-1 
T-L/ PRINT 
! NEXT iI 
END 
3-68 




REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodology 
s t a g e  p r o p e l l a n t  used during t h e  ze ro  s t a g e  burn, and ( 3 )  compute t h e  t o t a l  
i d e a l  v e l o c i t y ,  then compare i t  t o  t h e  d e s i r e d  va lue  and i terate  u n t i l  t h e  
accuracy i s  acceptable .  
U t i l i z i n g  t h e  v e h i c l e  s i z i n g  program, t h e  in f luence  of varying des ign  and 
performance c h a r a c t e r i s t i c s  is obtained. F igu re  3-45 demonstrates the e f f e c t  
of varying t h e  amount of boos t e r  p r o p e l l a n t  used during zero s t a g e  operat ion.  
Note t h a t  100% usage approximates a two s t a g e  v e h i c l e  while  decreasing t h e  
p rope l l an t  approaches a t h r e e  s t a g e  operat ion.  
used i s  p ropor t iona l  t o  t h e  average c o r e  s t a g e  t h r u s t .  
t h e  p r o p e l l a n t  used t h e  c o r e  s t a g e  engines must be  t h r o t t l e d  down. Maintaining 
t h e  p a r a l l e l  burn d i r e c t i v e  and t h e  10 t o  1 t h r o t t l e  r a t i o  ground r u l e ,  t h e  
p r o p e l l a n t  percentage could no t  b e  reduced below ten. 
r educ t ion  r e q u i r e s  an i n c r e a s e  i n  zero s t a g e  t h r u s t  t o  maintain the 1.35 l i f t - o f f  
thrust-to-weight. 
i n c r e a s i n g  t h e  i n e r t i a l  v e l o c i t y  as a funct ion of a l t i t u d e  causing an i n c r e a s e  i n  
maximum dynamic p res su re .  Therefore,  t h e  pe rcen t  of p r o p e l l a n t  r educ t ion  i s  
e s t a b l i s h e d  by maximum dynamic p res su re .  A s  i n d i c a t e d  a dynamic p res su re  of 
900 psf is  experienced a t  50% l e v e l .  Further  reduct ion appears imprac t i ca l ,  s i n c e  
t h i s  p re s su re  level i s  considered a reasonable upper l i m i t  f o r  t h i s  
concept . 
The percent  of boos t e r  p r o p e l l a n t  
I n  o rde r  t o  decrease 
Core s t a g e  t h r u s t  
The r e s u l t i n g  thrust- t ime p r o f i l e  has  t h e  n e t  e f f e c t  of 
Addit ional  r educ t ion  i s  a v a i l a b l e  by shaping t h e  t h r u s t  p r o f i l e  of t h e  
co re  s t a g e  engines. 
smaller i n t e g r a t e d  p res su re  e f f e c t  while  consuming less boost  s t a g e  p rope l l an t .  
A simple l inear c o r e  s t a g e  t h r u s t  p r o f i l e  was assumed which would reduce 
t h e  zero s t a g e  t h r u s t  and i n c r e a s e  t h e  burn t i m e  r e s u l t i n g  i n  lower v e l o c i t y  a t  
t h e  maximum dynamic p r e s s u r e  condi t ion.  The c o r e  s t a g e  t h r u s t  a t  l i f t - o f f  w a s  
set a t  a percentage of f u l l  t h r u s t  and l i n e a r l y  t h r o t t l e d  t o  10% over the burn 
t i m e  of t h e  zero s t a g e .  
shaping t h e  u s e  rate of boos t e r  p r o p e l l a n t  expended during t h e  zero s t a g e  
operat ion.  
c o r e  s t a g e  t h r u s t  level a t  l i f t - o f f .  
percent  l i f t - o f f  t h r u s t  corresponds t o  an average of 55 pe rcen t .  
corresponds t o  t h e  previous level where f u r t h e r  r educ t ion  w a s  l imi t ed .  
reduct ion i s  a v a i l a b l e  with t h i s  t h r u s t  p r o f i l e  down t o  a 30 percent  core  s t a g e  
In t h i s  manner i t  i s  p o s s i b l e  t o  ach ieve  t h e  same o r  
Figure 3-46 i l l u s t r a t e s  t h e  e f f e c t  of t h i s  method of 
A s  shown i n  a c o n t i n u a l  weight r educ t ion  r e s u l t s  from reducing t h e  
Note t h a t w i t h  t h i s  t h r u s t  p r o f i l e  t h e  100 
This level  roughly 
Continual  
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l i f t - o f f  t h r u s t  l e v e l .  This roughly corresponds t o  a boos te r  p rope l l an t  
expendi ture  of 18 percent  during t h e  zero  s t a g e  operat ion.  
t o  be gained by going lower t h i s  t h r u s t  p r o f i l e  w a s  s e l e c t e d  without  f u r t h e r  shaping. 
Since very l i t t l e  i s  
The remaining e f f e c t  r equ i r ing  demonstration i s  t h e  o r b i t e r  c h a r a c t e r i s t i c  
This  parameter has  t h e  g r e a t e s t  o v e r a l l  e f f e c t  on v e h i c l e  s i z e .  ve loc i ty .  
is demonstrated i n  Figure 3-47 f o r  s o l i d  p rope l l an t  zero s tages .  
i s t i c  v e l o c i t y  p l o t t e d  i r c l u d e s  a 2,000 f p s  on-orbit  maneuvering budget. 
shown, t h e  gross  launch-weight f o r  a given payload varies very  r a p i d l y  wi th  t h e  
o r b i t e r  v e l o c i t y  increment. 
payloads occurs  i n  a very narrow v e l o c i t y  band: 
The corresponding c o r e  s t a g e  l eng ths  vary  between 168 and 177 f t .  
of gross-launch-weight wi th  payload is s u r p r i s i n g l y  s m a l l .  
t h e  payload e f f i c i e n c y  (gross-launch-weight/payload) i nc reases  very  r a p i d l y  
i n  t h e  region shown. The numerical  va lues  a r e  125 pounds, 220 pounds.and 411 
Founds Of l i f t - o f f  weight pe r  pound of payload f o r  50,000, 25,000 and 12,500 1b. 
payloads respec t ive ly .  
payload on a pounds f o r  pound bas i s .  
i s t i c  e f f e c t s  using l i q u i d  ze ro  s t ages .  
on-orbit  budget. The minimum gross-launch-weight f o r  l i q u i d  zero s t a g e s  occurs a t  
a s l i g h t l y  lower l e v e l  than t h e  s o l i d :  20,900 t o  21,200 fps .  
s t a g e  lengths  are a l s o  s l i g h t l y  d i f f e r e n t :  167 t o  176 f t .  
of Figures  3-47 and 3-48 are v i r t u a l l y  i d e n t i c a l .  
This  
The charac te r -  
As 
The minimum gross-launch-weight f o r  a l l  t h r e e  
22,250 f p s  t o  22,500 f p s .  
The v a r i a t i o n  
This  i n d i c a t e s  t h a t  
Therefore ,  t h e r e  is  a major advantage t o  s e l e c t i n g  a l a r g e  
Figure 3-48 shows t h e  same o r b i t e r  charac te r -  
This v e l o c i t y  a l s o  inc ludes  t h e  2000 fps  
The corresponding 
Otherwise t h e  results 
Basel ine  Concept Se lec t ion  - Considerat ion of t h e  s i z i n g  e f f e c t s  
a n a l y s i s  reveals t h a t  a realist ic reg ion  of s i z i n g  opt ions  e x i s t s .  F igure  3-49 
de f ines  t h e  reg ion  which is  bounded by t h e  high and low payloads,  minimum gross- 
launch-weight and t h e  model o r b i t e r  c h a r a c t e r i s t i c  ve loc i ty .  Within t h i s  reg ion  
t h r e e  l o g i c a l  b a s e l i n e  core  s t a g e  s i z i n g  opt ions  e x i s t .  
I 
i . 
They inc lude  t h e  following: 
Minimum Gross-Launch-Weight - This  l i n e  r ep resen t s  t h e  h ighes t  
performance of a two and one-half s t a g e  v e h i c l e  des ign  a c r o s s  t h e  
payload range. 
Constant Orb i t e r  C h a r a c t e r i s t i c  Veloc i ty  - The c h a r a c t e r i s t i c  v e l o c i t y  
of t h e  model o r b i t e r  i s  r e p r e s e n t a t i v e  of t h e  h ighes t  performance of a 
two s t a g e  v e h i c l e  design. 
Constant Core Vehicle Length - The model o r b i t e r  w i th  drop-in tanks 
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spans t h e  e n t i r e  s i z i n g  region. It i s  bounded by t h e  cons tan t  o r b i t e r  
c h a r a c t e r i s t i c  v e l o c i t y  a t  t h e  50,000 l b  payload and t h e  minimum gross- 
launch-weight a t  t h e  12,500 l b  payload l eve l .  
The in f luence  of payload s i z e s  on t h e  core  s t a g e  s i z i n g ,  i s  def ined  
i n  Figure 3-50. 
a func t ion  of payload. The f i g u r e  shows t h a t  (1) minimum gross  launch weight 
i s  achieved wi th  t h e  l a r g e s t  core  v e h i c l e s  and smallest zero s t ages ,  (2) t h e  
cons tan t  AV case is  charac te r ized  by t h e  smallest o r b i t e r s  and l a r g e s t  zero 
s t ages , ,  and (3) t h e  f ixed  length  core  veh ic l e  demonstrates t h e  g r e a t e s t  
v a r i a t i o n  of zero  s t a g e  s i z e s .  
Core s t a g e  length  and zero s t a g e  weight are shown as 
The core  v e h i c l e s  have been w e l l  def ined by t h e  SAMSO STS study. The 
Therefore,  unique f e a t u r e  of t h e  Sianese concept i s  t h e  zero  s t a g e  strap-ons.  
t h e  most complete d e f i n i t i o n  of t h e  concept hinges on t h e  emphasis placed on 
t h e  zero s t a g e  designs.  It would seem then t h a t  core  v e h i c l e  v a r i a t i o n  would 
serve less purpose than zero s t a g e  v a r i a t i o n .  
v e h i c l e  would a l low maximum u t i l i z a t i o n  of t h e  depth of d e f i n i t i o n  of t h e  two 
s t a g e  v e h i c l e s  whi le  providing f o r  maximum zero  s t a g e  des ign  d a t a  v a r i a t i o n s .  
As a r e s u l t s ,  . the  confidence l e v e l  i n  t h e  accuracy of t h e  co re  s t a g e  d a t a  and 
t h e  v e r s a t i l i t y  of t h e  zero s t a g e  s i z i n g  d a t a  are maximized. 
t h e  f ixed  length  core  v e h i c l e  w a s  s e l e c t e d  as t h e  b a s e l i n e  concept whose b a s i c  
c h a r a c t e r i s t i c s  are as follows: 
Se lec t ion  of a f ixed  core  
Consequently 
(1) Booster /Orbi ter  Length - 165 f t  
(2) Orb i t e r  C h a r a c t e r i s t i c  Veloci ty  
50,000 l b  Payload - 18,790 f p s  
25,000 l b  Payload - 20,675 f p s  
12,500 l b  Payload - 21,675 f p s  
(3) 
(4) 
(5) Payload Length 
Payload Density - 4.72 l b / f t 3  
Payload Diameter - 15 f t  
50,000 l b  Payload - 60 f t  
25,000 l b  Payload - 30 f t  
12,500 l b  Payload - 15 f t  
C. Zero Stage S i z i n g  - The r e s o l u t i o n  of a b a s e l i n e  concept completed 
t h e  second phase of t h e  Siamese v e h i c l e  s i z i n g  eva lua t ion .  The concluding 
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task was to improve the design definition accuracy of the baseline points. The 
computer program used for the sizing effects analysis was utilized to make 
successive iterations of zero stage designs. A data point was run on a trajectory 
program, velocity losses defined and a value for ideal characteristic velocity 
generated. This velocity was then input into the sizing program to refine the 
previous stage size. 
and ideal velocity until the AV variation was less than 50 fps. In addition, stage 
data was developed, by extrapolation, for two characteristic velocities representing 
the other core stage sizing options. The results are approximate, but serve to 
more clearly illustrate Siamese vehicle zero stage design characteristics. 
Baseline Zero Stage Definition - The segmented solid zero stages are 
The solid motor propellant was determined by 
Results were then compared and iterated for both zero stage 
all based on the 156 inch motor data, 
the weights and staging velocities of the core vehicles. The thrust level was 
established by successive iterations of the 1.35 thrust-to-weight ratio and the 
core stage thrust at lift-off. The physical magnitude of zero stage thrust levels 
presented a problem in stages of this size. 
Figure 3-51 demonstrates the situation. Using two motors the nozzle exit 
diameter approximates or exceeds the motor case diameter at the thrust levels of 
interest. 
aft stage and increases the cross sectional area. More important, there are 
considerations for feasible grain design which must be included. Although it is a 
complex phenomena and difficult, to analyze, there are physical limitations to 
propellant mass fraction established by unstable erosive burning. 
uneven burning is established by control of combustion product velocity in the 
grain port. This is achieved by limiting the throat to port area ratio. For a 
given burn time and thrust level, this limits the motor case volumetric efficiency. 
It therefore establishes a limit on mass fraction. 
This complicates the aerodynamic drag considerations for adding a conical 
Control over 
Figure 3-52 illustrates an approximation of the stability limits of a 156 inch 
motor as a function of thrust. 
have erosive burning problems with a high mass fraction design. 
the drag and the grain problems, it was determined that four individual motors were 
As indicated thrust levels above 3 million pounds 
Considering both 
required for each solid zero stage concept. 
determined that 120 inch motor diameters are too small for the required thrust 
levels. 
Extending this evaluation it was 
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Applying t h e  fou r  motor design concept t o  the p rev ious ly  descr ibed ze ro  s t a g e  
s i z i n g  t h e  boos t  t r a j e c t o r y  computer programs i n  success ive  i t e r a t i o n s  y i e l d e d  t h e  
b a s e l i n e  d a t a  t abu la t ed  i n  Figure 3-53. 
t h e  f i g u r e  are f o r  i n d i v i d u a l  rocke t  motors. 
from 0.6 t o  1 m i l l i o n  pounds while  motor thrust-to-weight r a t i o s  va ry  from 2 t o  
2.5. Most s i g n i f i c a n t  is t h a t  t h e  burn t i m e s  of t h e  motors are q u i t e  s h o r t  f o r  
156 inch  type motor w i th  t h i s  p r o p e l l a n t  loading and i n d i c a t e d  l eng ths .  
of segments shown is  s y n t h e t i c ,  i n d i c a t i n g  t h e  number def ined by t h e  parametr ic  
motor d a t a  ex t r apo la t ion .  
would be  loaded t o  t h e  i n d i c a t e d  p rope l l an t  weight. 
8.5 percent)  could no t  b e  accommodated, t h e  case l eng th  could be  inc reased  s l i g h t l y .  
The zero s t a g e  l eng ths  range from 50 t o  75 pe rcen t  of t h e  co re  v e h i c l e  length.  
Note t h a t  t h e  v e l o c i t y  shown i s  t h e  c h a r a c t e r i s t i c  v e l o c i t y  a t  burn-out and inc ludes  
The c h a r a c t e r i s t i c s  shown on 
The weight p e r  motor ranges 
The number 
I f  p o s s i b l e ,  t he  e x i s t i n g  156 inch  segment motor cases 
I f  t h a t  i n c r e a s e  (maximum of 
a boos te r  s t a g e  con t r ibu t ion .  Combining f o u r  of t h e  i n d i c a t e d  motors r e s u l t s  i n  
t o t a l  s o l i d  zero s t a g e  weights of 2.4 t o  4 m i l l i o n  pounds. 
6 t o  8 m i l l i o n  pounds, similar t o  t h e  Saturn f i r s t  s t a g e  class, are requ i r ed  f o r  t h e  
t o t a l  zero s t age .  
Thrust  ranging from 
The e a r t h  s t o r a b l e  l i q u i d  zero s t a g e  s i z e s  were derived from t h e  NASA suppl ied 
I n  t h i s  case i t  w a s  necessary t o  s p e c i f y  a conf igu ra t ion  i n  o r d e r  
Two a l t e r n a t e s  were 
weight equation. 
t o  complete a set of b a s e l i n e  s t a g e  design d e f i n i t i o n s .  
considered as p r a c t i c a l  conf igu ra t ion  candidates .  
s i n g l e  engine,  strap-on. The second i s  a side-by-side, p a r a l l e l  tank two engine 
strap-on. The tank diameters  were a r b i t r a r i l y  set equa l  t o  t h e  exi t  diameter of 
t h e  engine i n  o rde r  t o  s5mulate a Sow drag configurat ion.  Since bo th  t h e  tandem 
and p a r a l l e l  tank concepts have t h e  same drag c r o s s  s e c t i o n  (engine e x i t  area), 
o t h e r  f a c t o r s  were considered i n  t h e  conf igu ra t ion  s e l e c t i o n .  
The twin engine strap-on conf igu ra t ion  i s  s h o r t e r ,  has  less s k i n  f r i c t i o n ,  and 
The f i r s t  w a s  a tandem tank,  
a more compact p r o f i l e .  Although no t  q u a n t i t a t i v e l y  proven, i t  w a s  es t imated t h a t  
t h i s  conf igu ra t ion  would have t h e  h ighe r  performance c h a r a c t e r i s t i c s  of t h e  two 
considered. I n  t h e  case of t h e  tandem tank, s i n g l e  engine, design,  t h e  development 
of t h r e e  t o  fou r  m i l l i o n  pound t h r u s t  low p res su re  engines  seems improbable. A s  a 
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r e s u l t ,  t h e  p a r a l l e l  tank twin engine zero s t a g e  strap-on w a s  select.fr! as rhe most 
l i k e l y  candidate.  
The b a s e l i n e  design c o n s i s t s  of two strap-ons,  each composed on one f u e l  tank 
and one o x i d i z e r  tank, mounted side-by-side, w i th  two engines.  
Figure 3-54 t h e  s t a g e  parameters are v e r y  similar t o  t h e  s o l i d  zero s t a g e s  f o r  
corresponding cases. The l i q u i d  s t a g e s  are s l i g h t l y  smaller i n  o v e r a l l  s i z e .  As 
a r e s u l t ,  t h e  burn t i m e s  are a l s o  s l i g h t l y  lower. The s t a g e  l eng ths  i n d i c a t e d  do 
A s  shown i n  
n o t  i nc lude  a n  engine s e c t i o n  b u t  are s i g n i f i c a n t l y  s h o r t e r  than t h e  s o l i d s  because 
t h e  tank diameters are g r e a t e r  than 1 3  f t  (156 inches) .  
pronounced as payload,and tank diametez correspondingly decreases .  
The d i f f e r e n c e  i s  less 
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AND AN ENGINE ON EACH. 
FIGURE 3-54 
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3.1.3 S t r u c t u r a l  Design - This  s e c t i o n  of t h e  r e p o r t  desc r ibes  t h e  primary and 
secondary s t r u c t u r e  of t h e  b a s i c  core  vehic les .  The body s t r u c t u r e  c o n s i s t s  of 
c y l i n d r i c a l  load car ry ing  i n t e g r a l  p rope l l an t  tanks,  frames e x t e r n a l  t o  t h e  
p rope l l an t  tanks,  t h e  cabin compartment s t r u c t u r e  and a l l  secondary s t r u c t u r e  such 
as hatches,  windows and bulkheads. 
propuls ion t h r u s t  s t r u c t u r e  and wing carry-through s t r u c t u r e  are a l s o  discussed.  
Weight op t imiza t ion  w a s  primary i n  des ign  conception and choice of materials. 
3.1.3.1 
v e h i c l e ' s  are t h e  load bear ing  p rope l l an t  tanks ,  as shown i n  Figure 3-55. 
two main p rope l l an t  tanks have c i r c u l a r  c ross  s e c t i o n s  wi th  con ica l  lengths  
jo ined  toge ther  as requi red  t o  fol low the  body moldline shape thus providing good 
volumetr ic  e f f i c i ency .  Tank end domes are .707 e l l i s p e  p re s su re  bulkheads. Tank 
s t r u c t u r e s  are designed l o c a l l y  t o  ca r ry  concentrated loads from t h e  wing carry- 
through, landing gear ,  veh ic l e  t o  veh ic l e  a t t a c h  po in t s ,  ground handl ing a t t a c h  
p o i n t s ,  launch t h r u s t  loads ,  and ae ro  con t ro l  su r f aces .  The ind iv idua l  tanks 
are s t r u c t u r a l l y  jo ined  t o  provide a u n i t i z e d  s t r u c t u r e .  
b a s i c a l l y  u t i l i z e s  boron-aluminum matr ix  laminates  wi th  s u f f i c i e n t  p lys  i n  the  
hoop and long i tud ina l  d i r e c t i o n  t o  meet s t r e n g t h  requirements a t  var ious  body 
s t a t i o n s .  Externa l  r i ngs  and s t i f f e n e r s  provide s h e l l  s t a b i l i t y  and se rve  as 
load a t t a c h  p o i n t s  f o r  t h e  t r u s s  s t r u c t u r e  support ing the  Thermal P ro tec t ion  
System panels ,  as shown i n  Figure 3-56. This cons t ruc t ion  i s  t y p i c a l  of t h e  
e n t i r e  veh ic l e  except t he  forward body. 
Addit ional  major s t r u c t u r a l  i t e m s ,  such as 
Orbi ter /Booster  S t r u c t u r e  - The primary s t r u c t u r a l  members of t h e  core  
The 
The tank cons t ruc t ion  
The veh ic l e  forward body is supported by a gradual  t r a n s i t i o n  of t h e  cir- 
c u l a r  tank walls t o  nea r ly  square sec t ions  a t  t h e  forward bulkhead. The forward 
body s t r u c t u r e  b a s i c a l l y  i s  semi-monocoque cons t ruc t ion ,  wi th  t russ  suppor ts  as 
required.  
expose t h e  engines f o r  deployment a l s o  permit flow of cool ing  air  i n t o  t h e  
veh ic l e s  between the  i n t e g r a l  tank s t r u c t u r e  and the  TPS, 
m a t e r i a l l y  reduces t h e  volume and weight of i n s u l a t i o n  material requi red  i n  t h e  
veh ic l e s .  
Local supports  c a r r y  t h e  th ree  landing engines .  The l a r g e  doors which 
This cool ing p rov i s ion  
The veh ic l e  u t i l i z e s  a con ica l  t h r u s t  s h e l l  s t r u c t u r e  f o r  each of i t s  two 
boost  engines,  
of t he  o thers .  
ou t r igge r  gear  
P rope l l an t  l i n e s  are arranged t o  feed each engine independent 
The veh ic l e  has  a main cen te r  landing gear ,  nose gear  and a s i n g l e  
on each s ide .  The doors and gear  extend convent ional ly .  
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The v e h i c l e  carries the  payload i n  t h e  case of t h e  o r b i t e r ,  o r  drop i n  
p r o p e l l a n t  tank, i n  t h e  case of t h e  boos te r ,  immediately above t h e  niain 
p rope l l an t  tanks. 
permit loading and unloading both i n  o r b i t  and on t h e  ground. 
of t h e s e  doors serve as space r a d i a t o r s  when t h e  doors are swung open. The 
semi-monocoque doors c a r r y  i n t e g r a l  s t r u c t u r a l  r a d i a t o r s  and are designed with 
thermal growth allowances compatible wi th  door ope ra t ion  and s e a l i n g  geometry. 
The v a r i a b l e  geometry wings are stowed j u s t  above t h e  p r o p e l l a n t  tanks and deploy 
through doors which are segmented and sequencc2 t o  open and c l o s e  wi3h w i n g s  i n  o r  
o u t ,  Door segments are r equ i r ed  because of t h e  body moldline curvature .  
3.1.3.2 I n t e m a l  Tank Design - The i n t e g r a l  tank design concept w a s  chosen as 
a means of u t i l i z i n g  the  l a r g e  p r o p e l l a n t  tank s t r u c t u r e s  t o  serve a dua l  purpose 
i n  ca r ry ing  primary s t r u c t u r a l  loads while containing boost  p rope l l an t .  Boron- 
aluminum composite materials were s e l e c t e d  f o r  t h e  tanks because of t h e  s i g n i f i c a n t  
A p a i r  of doors open t h e  f u l l  l eng th  of t h e  cargo bay t o  
The i n n e r  panels  
weight saving i t  a f fo rds .  
The boron-aluminum composite tank s h e l l s  are comprised of s k i n s  with 
continuous i n t e g r a l  l o n g i t u d i n a l  s t i f f e n e r s  and sepa ra t ed  mechanically a t t ached  
c i r cumfe ren t i a l  r i n g s .  Both l o n g i t u d i n a l  s t i f f e n e r s  and r i n g s  are loca ted  on 
t h e  o u t e r  s u r f a c r  of t h e  tanks p r i m a r i l y  t o  p r e s e n t  a smooth i n n e r  tank s u r f a c e  f o r  
i n s u l a t i o n .  
must c r o s s  t h e  l o n g i t u d i n a l  s t i f f e n e r s ,  t he  continuous l o n g i t u d i n a l  s t i f f e n e r s  
provide t h e  b e s t  s t r u c t u r a l  e f f i c i e n c y .  
Although t h i s  complicates d e t a i l  s h e l l  design, s i n c e  t h e  r i n g  f l anges  
Locating s t i f f e n e r s  and r i n g s  on t h e  o u t e r  s u r f a c e  of t h e  tanks has  a 
number of secondary f u n c t i o n a l  advantages. 
s h e l l  r i n g s  i s  d i s t r i b u t i o n  of  TPS t r u s s  support  loads i n t o  t h e  primary tank 
s h e l l .  
loads as w e l l  as o t h e r  l o c a l  s t r u c t u r e  which impose loads  on t h e  primary s h e l l  
s t r u c t u r e  e 
One p r i n c i p l e  func t ion  of t h e  tank 
The e x t e r n a l l y  loca t ed  r i n g s  are w e l l  s i t u a t e d  t o  p i ck  up t h e s e  t r u s s  
The i n t e g r a l  tank s h e l l  carries a combination of b i a x i a l  stresses and s h e a r  
stresses. Longi tudinal  s t i f f e n e r s  func t ion  t o  s t a b i l i z e  t h e  s k i n  panels  f o r  
both compression and shea r  pane l  loading. S h e l l  s t i f f e n i n g  r i n g s  s t a b i l i z e  the  
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A maximum tank s e c t i o n  length  of approximately 30 f t  i s  required.  This tank 
s e c t i o n  is  jo ined  t o  t h e  nex t  tank s e c t i o n  which has  a d i f f e r e n t  c e n t e r l i n e  
o r i e n t a t i o n .  S t r u c t u r a l  k i ck  r ings  are u t i l i z e d  a t  t h e  tank t o  tank s k i n  i n t e r -  
sec t ion .  It is assumed t h a t  t h e  width of a s i n g l e  p ly  matrix .005 inches t h i c k ,  
conta in ing  ad jacent  p a r a l l e l  boron f i b e r s ,  i s  approximately 12 f t .  These s i n g l e  
p lys  are then formed on a master mold t o  provide the  proper  length  and contour i n  
t h e  hoop and h o r i z o n t a l  d i r e c t i o n .  S u f f i c i e n t  l a y e r s  are included i n  t h e  bonded 
matrix t o  develop requi red  s t r e n g t h  and s t i f f n e s s .  P r i o r  t o  e u t e c t i c  bonding of 
t h e  laminants i n  an autoclave under temperatures and p res su re ,  edging s t r i p s  are 
placed i n  a l l  fou r  edges. 
t o  provide a metallic frame thus allowing fus ion  welding t o  similar frames. 
t h i s  manner, tank segments and tank s e c t i o n s  can be fus ion  welded toge ther .  
The edging s t r i p s  are sandwiched between a l l  l a y e r s  
I n  
The segmented approach has a p o t e n t i a l  advantage i n  pe rmi t t i ng  a complete 
panel  t o  be removed and replaced thus  sa lvaging  a major assembly i n  the  event  
of damage. 
As noted,  s t r e n g t h  cons idera t ions  d i c t a t e  t h a t  e x t e r n a l  s t r i n g e r s  remain 
unin te r rupted  and t h e  r ings  are notched around each s t r i n g e r .  
c l i p s  may be assembled t o  the  tank i n  t h e  i n i t i a l  autoclave se t  up, as a second 
complete set up, o r  i nd iv idua l ly  by high frequency welding. 
way has  not  been determined a t  t h i s  t i m e ,  however, small scale tests show t h a t  
a l l  these  techniques are f e a s i b l e .  
tank w a l l .  
on both s tages .  
of 20% of the  l o c a l  rad ius  and r a d i a l  he igh t  of 10% of the  l o c a l  r ad ius .  
members are assembled t o  t h e  tank i n  a fash ion  similar t o  t h e  s t i f f e n e r s  
descr ibed previously.  
3.1.3.3 
s t r u c t u r e  and v a r i a b l e  geometry wing requirements p re sen t s  need f o r  a complex 
wing load car ry ing  s t r u c t u r e .  The wing carry-through s t r u c t u r e  design employs 
a v e r t i c a l  p in  p i v o t  concept t o  t r a n s f e r  wing l u g  loads ,  a main beam s t r u c t u r e  
t o  ca r ry  bending loads ,  and a set of diagonal  beams t o  balance torque loads.  
Material used i n  t h e  carry-through i s  a combination of t i t an ium a l l o y  and 
Ring attachment 
The most optimum 
This design r equ i r e s  no thermal i s o l a t i o n  between the  l i q u i d  oxygen and t h e  
The l i q u i d  hydrogen tank i s  i n t e r n a l l y  l i n e d  wi th  cry0 foam i n s u l a t i o n  
The oxygen tanks r equ i r e  s lo sh  b a f f l e s  a t  l o n g i t u d i n a l  i n t e r v a l s  
These 
Wing Carry-Through S t r u c t u r e  - The cambination of i n t e g r a l  tank 
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boron-al'uminum composite. 
beams, t i t an ium i s  used exc lus ive ly  because of t h e  complex loading. The main 
carry-through beam u t i l i z e d  boron-aluminum composite as the  cap material on a 
t i t an ium c a r r i e r  beam. 
3.1.3.4 
i n t e g r a l l y  s t i f f e n e d  s h e l l  of boron-aluminum composite. 
engines are approximately i n  l i n e  wi th  the  i n t e g r a l  p rope l l an t  tank s t r u c t u r e  
and t h i s  conica l  s t r u c t u r a l  s h e l l  t r a n s f e r s  engine t h r u s t  loads t o  the  tank 
w a l l s .  The t h r u s t  s t r u c t u r e  concept i s  similar t o  the  i n t e g r a l  tank s h e l l  with 
i n t e g r a l  l o g i t u d i n a l  s t i f f e n e r s  spaced 2.0 t o  3.0 inches apa r t .  Longi tudinal  
s t i f f e n e r s  are loca ted  on t h e  i n n e r  cone su r face  and are terminated a t  var ious  
intervals  due t o  t h e  decreasing diameter of t h e  t h r u s t  cone approaching t h e  apex. 
S t i f f e n i n g  r i n g s ,  l oca t ed  on t h e  o u t e r  cone su r face ,  comprised of an i n t e g r a l  
i nne r  f l ange  on t h e  s h e l l  and a mechanically a t tached  o u t e r  f lange  cap and web. 
I n  t h e  area of t h e  p ivo t  lugs  and t h e  diagonal  torque 
Thrust  S t r u c t u r e  - Thrust s t r u c t u r e  on the  v e h i c l e  i s  a con ica l  shaped, 
The two main boost  
3.1.3.5 
beams and shea r  panels .  Beam caps are u n i d i r e c t i o n a l  boron-aluminum and shea r  
panels  are t i tan ium a l loy .  This bulkhead i s  a t tached  t o  the  r ec t angu la r  area 
of t h e  p rope l l an t  tank t r a n s i t i o n  sec t ion .  The bulkhead contains  t h r e e  ground 
handl ing sockets  f o r  veh ic l e  e r e c t i o n  and handl ing,  p lus  two s t a g e  t ie p o i n t s ,  
The lower frame of the  a f t  bulkhead extends outboard and forms t h e  main s p a r  
Aft  Bulkhead Design - The vehic le  a f t  bulkhead frame i s  composed of 
f o r  the  f ixed  f i n s  as w e l l  as providing hinge lugs  f o r  t h e  lower elevons and 
hypersonic f l ap .  Also contained i n  t h i s  bulkhead a t  the  outboard s i d e s  are t h e  
l e f t  and r i g h t  movable upper f i n  bear ing  assemblies.  
f a i r i n g  a t tached  t o  the  two rearward openings provide maximum p r o t e c t i o n  a n d  
seal f o r  the  two boost  engines ,  
F i n a l l y ,  a shroud o r  
3.1.4 Thermal P ro tec t ion  System - The thermal p r o t e c t i o n  system c o n s i s t s  of 
high temperature metallic sh ing le s  on t h e  ou t s ide  backed wi th  b l anke t s  of low 
dens i ty  i n s u l a t i o n .  Figure 3-57 dep ic t s  t h e  type of materials forming t h e  
e x t e r i o r  sk in .  TD n i c k e l  chrome sh ing le s  covers  most of t h e  bottom s u r f a c e  area 
except f o r  a s m a l l  area near  t h e  nose cap where coated columbium i s  used. 
Composites of boron-ti tanium o r  boron-aluminum are employed on t h e  v e h i c l e  s i d e s  
and  upper su r faces  where lower temperatures e x i s t .  
edges are made from a carbon-carbon composite. 
materials, except f o r  t h e  carbon-carbon p a r t s ,  are designed f o r  a re-use 
c a p a b i l i t y  of 100 f l i g h t s .  
The nose cap and leading  
A l l  of t h e  e x t e r i o r  s u r f a c e  
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by t h e  add i t ion  of ox ida t ion  i n h i b i t o r s .  Recent tests i n d i c a t e  t h a t  somewhere 
between 4 t o  10 f l i g h t s  can be made be fo re  refurbishment is requi red .  
a n t i c i p a t e d  t h a t  a d d i t i o n a l  work i n  t h i s  area w i l l  g r e a t l y  extend t h e  r euse  
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Blankets of low dens i ty  fibrows i n s u l a t i o n  (3.5 l b / f t  
provided d i r e c t l y  i n  back of t h e  high temperature  sh ingle .  
i n s u l a t i o n  i s  s i z e d  t o  l i m i t  t h e  propuls ion tank  w a l l  temperature t o  200’F. 
microquartz) are 
The th ickness  of 
The b a s e l i n e  r a d i a t i v e  hea t  s h i e l d  panels  are supported on s t r u c t u r a l  t r u s s e s  
and frames. 
t ubu la r  support  s t r u t s  (Figure 3-56)  l oca t ed  between t h e  frames ahd t h e  load  
These frames, which de f ine  t h e  body c r o s s  s e c t i o n ,  are pos i t ioned  by 
car ry ing  i n t e g r a l  p rope l l an t  tanks.  
is maintained by drag s t r u t s  which ca r ry  i n e r t i a  loads  from frames and panels  
due t o  long i tud ina l  acce le ra t ion .  Vehicle c e n t e r l i n e  r e fe rence  p o i n t s  on t h e  
V e r t i c a l  frame o r i e n t a t i o n  
- -  
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I 
bottom frame are loca ted  by t r i a n g u l a r  t r u s s  s t r u c t u r e  supported from t h e  i n t e g r a l  
tanks.  
due t o  thermal e longat ion.  
su r f ace  frames t o  t h e  tank  s t r u c t u r e ,  form a s t a b l e  fou r  b a r  l inkage.  
members are arranged so  t h a t  pane l  loads  are appl ied  t a n g e n t i a l l y  t o  t h e  tank 
s t r u c t u r e .  
i n t e r s e c t i o n  of two s t r u t s  mounted t o  t h e  tank s i d e s .  S i m i l a r  t ubu la r  s t r u t s  
l o c a t e  frames around t h e  wing deployment door opening and provide  wing doors 
a f ixed  seal su r face .  S ide  frames, similar t o  t h e  bottom frames, extend downward 
from t h i s  s t a t i o n a r y  po in t  t o  i n t e r s e c t  t h e  bottom frames and complete t h e  
framing geometry. 
t a n g e n t i a l l y  a t t ached  t o  t h e  tank.  
frame thermal e longat ion.  
by t h e  thermal growth p o s i t i o n  of t h e  bottom and s i d e  frames. 
Frames on e i t h e r  s i d e  of t h e  f ixed  c e n t e r  p o i n t s  are permit ted t o  expand 
Addi t iona l  t ubu la r  members, a t t a c h i n g  t h e  bottom 
Tubular 
I n  a similar manner, upper body f ixed  p o i n t s  are formed by t h e  
Body s i d e  support  s t r u t s  c a r r y  normal panel  loads  and are 
They are f r e e  t o  p ivo t  as requi red  wi th  s i d e  
The a c t u a l  panel mold l i n e  i s  t h e r e f o r e  determined 
This  geometry is repeated a t  36 inch  body s t a t i o n  i n t e r v a l s  (o r  as may be 
required around doors ,  e t c . ) .  
panels  r e q u i r e  in te rmedia te  t r ansve r se  beams spaced midway between t h e  p r i n c i p a l  
t r ansve r se  frames. These panels  are 18 inches long i n  t h e  d i r e c t i o n  of corruga- 
t i o n s  and 36 inches wide, 
This  type  of cons t ruc t ion  is  employed throughout t h e  v e h i c l e  except i n  t h e  fo r -  
ward body area forward of t h e  nose gear .  
number of d i f f e r e n t  s i z e  panels  requi red  t o  f i t  t h e  body shape. 
A i r  loads and temperatures on t h e  lower h e a t  s h i e l d  
S ide  hea t  s h i e l d  pane ls  are 36 inches by 36 inches.  
No assessment has  been made of t h e  t o t a l  
I n s t a l l a t i o n  requirements f o r  landing engines ,  j e t  f u e l ,  c r e w  compartment 
and equipment s t o r a g e  areas r e s u l t e d  i n  s e l e c t i o n  of t y p i c a l  s k i d s t r i n g e r  con- 
s t r u c t i o n  on t h e  forward body. 
w a l l  v i r t u a l l y  ad jacent  t o  t h e  TPS. 
and t h e  TPS t r a n s f e r s  a i r  loads  d i r e c t l y  t o  c i r cumfe ren t i a l  r i ngs  i n  t h e  forward 
body sec t ion .  
Maximum volume is  obtained by l o c a t i n g  t h e  inne r  
I n  these  regions tubu la r  s t r u t s  are not  used 
3.1.5 Propuls ion Systems - The propuls ions systems requi red  on t h e  core  
veh ic l e s  include:  (1) a boost  propuls ion ,  (2) a t t i t u d e  c o n t r o l ,  and (3) c r u i s e  
o r  landing assist propuls ion;  and an o r b i t  maneuvering system f o r  t h e  o r b i t e r .  
Since t h e  b a s i c  core  veh ic l e s  f o r  t h i s  s tudy were based on t h e  use of t h e  
o r b i t e r  v e h i c l e  as def ined i n  a r ecen t  s tudy conducted by McDonnell Douglas f o r  
SAMSO/AFSC s p e c i f i c  propuls ion system information is  " c l a s s i f i e d "  and as such 
cannot b e  discussed i n  t h i s  document. For d e t a i l e d  information t h e  reader  i s  
r e f  e r r ed  t o  Reference 1. 
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I n  genera l ,  t h e  b a s i c  core  v e h i c l e  propuls ion systems are those  depic ted  
The system con ta ins  12 engines loca t ed  approximately a t  t h e  i n  Figure 3-58. 
midpoint of t h e  v e h i c l e  and 10 engines loca t ed  a f t  f o r  a t t i t u d e  con t ro l .  
t h r e e  j e t  engines ,  shown i n  t h e  stowed p o s i t i o n  f ac ing  a f t ,  are used f o r  c r u i s e  
back c a p a b i l i t y  i n  t h e  case of t h e  boos te r  and f o r  landing assist on t h e  o r b i t e r .  
Upon engine deployment t h e  cen te r  l i n e  engine,  swings up i n t o  p o s i t i o n  and t h e  
two forward engines r o t a t e  outward. 
small tank provide t h e  necessary p rope l l an t  ( l i q u i d  O2 and H2) f o r  t h e  two 
boost engines.  
The 
The two l a r g e  p rope l l an t  tanks and one 
For t h e  purposes of t h i s  s tudy  t h e  opt ion  e x i s t e d  t o  extend t h e  s m a l l  
p rope l l an t  tank  forward through t h e  payload bay thereby making an i n t e g r a l  t ank  
CONCEPT "S" 
CORE STAGE PROPULSION 
FIGURE 3-58 
3-92 
WCDONNELL DOUGLAS ASTR0NAUI;ICS 
FOLLOW ON 
STUDY Optimi~ed Cost/ esign Methodology 
f o r  t h a t  c o r e  vehicle se rv ing  as a boos te r .  However, w i t h  an 
o r b i t e r l b o o s t e r  commonality, a drop-in t ank  w a s  s i z e d  t o  f i l l  
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eye towards maximum 
the unused payload 
I volume i n  o r d e r  t o  i n c r e a s e  t h e  o v e r a l l  system performance. 
were a l s o  used i n  t h e  o r b i t e r  f o r  t h e  12,500 and 25,000 l b  payload cases i n  l i e u  
of payload f o r  t h e  remaining volume c a p a b i l i t y .  
Likewise drop-in tanks 
I 
Details as t o  t h e  zero s t a g e  d e s c r i p t i o n s  have a l r e a d y  been discussed 
i n  t h e  Sizing and Performance Analysis ,  Sec t ion  3.1.2.3. 
3.1.6 Weight Analysis - The purpose of t h i s  s e c t i o n  of t h e  r e p o r t  is  t o  
p re sen t  t h e  d e t a i l e d  weight estimates generated f o r  each of  t h e  conf igu ra t ions  
analyzed during t h i s  phase of t h e  s tudy.  
o r b i t e r ,  boos t e r  and a number of ze ro  s t a g e s .  
o r  l i q u i d  and e i t h e r  expendable o r  reusable .  
e s s e n t i a l l y  i d e n t i c a l  s t a g e s ,  f o r  any one conf igu ra t ion  except f o r  t h e  c r o s s  
feed systems and payload volume u t i l i z a t i o n ,  they have t h e  same dry weight.  
Weight estimates were generated f o r  t h r e e  payloads s i z e s  ( i .e. ,  12,500, 25,000, 
and 50,000 lb)  f o r  t h r e e  d i f f e r e n t  conf igu ra t ions .  These conf igu ra t ions  inc lude  
(1) a cons t an t  l eng th  (165 f e e t )  o r b i t e r  and boos te r ,  (2) a cons t an t  AV o r b i t e r  
equal  t o  18,790 f p s  and (3) a cons t an t  AV o r b i t e r  equa l  t o  20,890 f p s .  
Each conf igu ra t ion  cons i s t ed  of a n  
The zero s t a g e s  were e i t h e r  s o l i d  
Since t h e  o r b i t e r  and boos te r  are 
Since t h e  o r b i t e r  and boos te r  are e s s e n t i a l l y  a l i k e ,  weights were governed 
by t h e  design of t h e  subsystems capable  of performing e i t h e r  o r b i t e r  o r  boos t e r  
func t ions .  For example, t h e  boos te r  would normally r e q u i r e  s m a l l e r  landing assist 
engines and a l a r g e r  f u e l  t ank  than  t h e  o r b i t e r .  I n  o r d e r  t o  maintain commonality 
a set of o r b i t e r  designed engines and a boos te r  designed f u e l  tank w a s  combined 
i n t o  one system f o r  both s t a g e s .  Jet f u e l  w a s  added only as necessary f o r  t h e  
f u l f i l l m e n t  of each v e h i c l e  mission. 
Weight summaries f o r  each of t h e  conf igu ra t ions  analyzed are presented i n  
Tables 3-5 through 3-11. The component weight breakdown l o g i c  used i n  t h e  
a n a l y s i s  is  shown i n  Figure 3-59. This  format w a s  used i n  determining t h e  
weights of t h e  va r ious  components f o r  t h e  b a s e l i n e  conf igu ra t ion  ( i .e. ,  o r b i t e r /  
boos t e r  l eng th  equal  t o  165 f e e t ) .  
con f igu ra t ions  (i.e.,  AV = 18,790 and 20,890 f p s )  weights were broken down only 
t o  t h e  subsystem level. 
I n  t h e  case of t h e  two cons t an t  AV o r b i t e r  
Tables 3-5 
conf igu ra t ion .  
s t a g e s  , o r b i t e r  
and 3-6 summarize t h e  weight s ta tements  f o r  t h e  b a s e l i n e  
Table 3-5 p r e s e n t s  i n d i v i d u a l  l i f t - o f f  weights f o r  t h e  ze ro  
and boos te r  as w e l l  as t h e  t o t a l  g ros s  launch weight of t h e  e n t i r e  
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TABLE 3-7 
CONCEPT "S" - ORBITER AND BOOSTER WEIGHT SUMMARY 
ORBITER/BOOSTER LENGTH 165 FT 
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COMPONENT W E I G H T  BREAKDOWN LOGIC 
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system. Tradeoffs between s o l i d  ve r sus  l i q u i d  and expendable ve r sus  r eusab le  
ze ro  s t a g e s  are shown f o r  each payload of interest. 
Table 3-6 p r e s e n t s  weight estimates f o r  t h e  o r b i t e r  and boos te r  i n  accordance 
w i t h  t h e  format of Figure 3-59. It should b e  noted that t h e  ma jo r i ty  of subsystems, 
w i th  t h e  exception of t hose  dea l ing  w i t h  propuls ion,  are h e l d  constant  from 
payload t o  payload. 
each payload conf igu ra t ion  are d i f f e r e n t .  
t o  b e  t h e  s a m e  f o r  each payload case. An adjustment i n  ze ro  s t a g e  t h r u s t  levels 
w a s  r equ i r ed  t o  maintain a cons t an t  T/W a t  l i f t o f f .  
w a s  added t o  t h e  o r b i t e r  payload bay f o r  t h e  12,500 and 25,000 l b  conf igu ra t ions  
t o  f i l l  t h e  unused payload volume. Landing g e a r ,  landing assist, o r b i t  maneuver 
and a t t i t u d e  c o n t r o l  system weights r e f l e c t  t h e  drop- in  tank and v a r i a b l e  payload 
i n  t h e  o r b i t e r .  
Propuls ion systems vary because t h e  AV requirements f o r  
The main boost  engines w e r e  assumed 
A drop-in p r o p e l l a n t  tank 
Table 3-7 serves several func t ions .  F i r s t ,  i t  g ives  va lues  f o r  t h e  v a r i o u s  
geometric parameters c h a r a c t e r i z i n g  t h e  v e h i c l e s  such as l e n g t h ,  area and volumes. 
Secondly, i t  p resen t s  a weight breakdown by material of t h e  major hardware 
components and t h i r d l y  i t  g ives  a d e s c r i p t i o n  of va r ious  systems i n  terms of 
type,  quan t i ty ,  power ou tpu t ,  etc. The level of d e t a i l  given i n  t h i s  t a b l e  i s  
commensurate wi th  t h e  requirements of t h e  c o s t  model. 
Tables 3-8 and 3-9 p re sen t  t h e  weight s ta tements  f o r  t h e  case i n  which 
t h e  o r b i t e r  AV c a p a b i l i t y  w a s  he ld  t o  a cons t an t  va lue  of 18,790 f p s ,  while ,  
Tables 3-10 and 3-11 p resen t  t h e  s a m e  t ype  d a t a  f o r  t h e  case i n  which t h e  
o r b i t e r  AV c a p a b i l i t y  w a s  h e l d  t o  a cons t an t  va lue  of 20,890 fps .  A s  noted 
previously t h e  weights are given a t  t h e  subsystem level. 
weights ,  t h e  r e s p e c t i v e  AV c a p a b i l i t y  and l eng th  of each c o r e  v e h i c l e  is given 
f o r  each of t h e  t h r e e  payload v a r i a b l e s .  
I n  a d d i t i o n  t o  t h e  
The ma jo r i ty  of subsystems i n  t h e s e  
cases are held cons t an t  only f o r  t h e  o r b i t e r  and boos te r  of a p a r t i c u l a r  payload. 
Systems vary between payloads s i n c e  each payload is a s s o c i a t e d  wi th  a d i f f e r e n t  
l eng th  veh ic l e .  
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3.2 Analysis of Concept "L" - The a n a l y s i s  of  Concept "L" cons i s t ed  of 
recording a set of b a s i c  s tudy  ground r u l e s  and assumptions (Sect ion 3.2.11, provid- 
i ng  d e t a i l  d e s c r i p t i o n s  of  t h e  major subsystems (Sect ions 3.2.2 through 3.2.5) and 
t h e  generat ion of a d e t a i l e d  weight s ta tement  (Section 3.2.6).  
t o  each of t h e s e  items is  contained i n  t h i s  s e c t i o n  of t h e  r e p o r t .  
Discussions relative 
3.2.1 Ground Rules and Assumptions - The gene ra l  ground r u l e s  and assumptions 
t o  t h e  a n a l y s i s  of Concept "L" are l i s t e d  below. 
re la t ive t o  t h e  co re  v e h i c l e s  used i n  t h i s  concept can be  found i n  Reference 2. 



















Orb i t e r  and boos te r  s t a g e s  same as those  b a s e l i n e  conf igu ra t ions  def ined 
i n  NASA-LRC study under Contract  NAS9-9204. 
Payload Considerat ions 
50,000 l b  i n  a 15 f t  d i a . ,  60 f t  long envelope 
25,000 l b  i n  a 15 f t  d i a . ,  30 f t  long envelope 
10,000 l b  i n  a 15 f t  d i a . ,  17 f t  long envelope 
High chamber p re s su re  b e l l  nozzles  used f o r  main propuls ion system on 
both c o r e  v e h i c l e s  
Boost engines are t h e  same s i z e  f o r  both c o r e  s t a g e s  f o r  any one configura- 
t i on .  
Boost p r o p e l l a n t s  are LOX/LH 
S e r i e s  burn w i t h  no p r o p e l l a n t  t r a n s f e r  between c o r e  s t a g e s  
On-orbit AV c a p a b i l i t y  equa l  t o  2000 f p s  
O r b i t  maneuver and a t t i t u d e  c o n t r o l  system p r o p e l l a n t  - G02/GH2 
Landing assist engine - o r b i t e r  ( t u r b o j e t ) ,  boos t e r  ( turbofan)  
Nominal o r b i t  a t t i t u d e  of 270 n a u t i c a l  m i l e s  and a n  i n c l i n a t i o n  of 55" 
I n s e r t i o n  o r b i t  of 45 x 100 n a u t i c a l  m i l e s  
Mission d u r a t i o n  - 7 days 
Both s t a g e s  have a 2 man crew 
C r e w  w i l l  o p e r a t e  i n  a s h i r t s l e e v e  environment 
Thermo-structural system designed t o  a 3g 
2200'F temperature l i m i t  
O r b i t e r  e n t r y  angle of a t t a c k  equal  t o  50" 
Prime power f o r  o r b i t e r  and booster  is  suppl ied r e s p e c t i v e l y  by H202 
matrix t y p e  f u e l  cells and rechargeable  Ago-2n b a t t e r i e s  
Three. completely independent hydrau l i c  subsystems 
2 
normal load f a c t o r  and a 
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3.2.2 Concept Descr ip t ion  
3.2.2.1 Orb i t e r  - The s t r u c t u r a l  concept and i n t e r n a l  arrangement of t h e  
HL-10 second s t a g e  are shown i n  Figure 3-60. 
The cargo bay shows t h e  1 5  f t .  d i a .  30 f t .  long con ta ine r  wi th  1 f t .  allowed 
a t  e i t h e r  end and on t h e  diameter f o r  i n s t a l l a t i o n  clearance and mounting provis ions .  
The boost  p rope l l an t  ox id i ze r  tank i s  forward of t h e  cargo and a hydrogen tank i s  
on e i t h e r  s i d e  o f ,  and a f t  o f ,  t h e  cargo. The w a l l s  of t h e s e  tanks are made t o  
conform t o  t h e  inne r  moldl ine of t h e  v e h i c l e  whenever poss ib le .  The tank w a l l s  
then become t h e  primary load car ry ing  s k i n  f o r  v e h i c l e  loads.  The inne r  moldl ine 
s k i n  forms an ex tens ion  of t h e  tank w a l l s  forward of t h e  oxygen tank,  between 
oxygen and hydrogen tanks and a f t  of t h e  hydrogen tanks.  
The forward compartment enc loses  crew cabin,  av ionics ,  power supply,  nose 
gear  and landing propuls ion system. 
of t h e  v e h i c l e  f o r  operat ion.  Addi t iona l ly ,  a tunnel  i s  provided between t h e  crew 
cabin and cargo bay t o  permi t  t r a n s f e r  of t he  crew t o  a cargo conta iner  during o r b i t  
operat ions.  This  tunnel  i s  i n s i d e  t h e  moldl ine and on t h e  v e h i c l e  cen te r  l i n e  above 
t h e  oxygen tank. 
The landing engines are deployed ou t  t h e  s i d e s  
P rope l l an t  f o r  2000 f p s  in -o rb i t  maneuvering c a p a b i l i t y  i s  provided by two 
tanks below t h e  forward po r t ion  of t h e  cargo bay. The main landing gear  i s  
pos i t ioned  on e i t h e r  s i d e  below t h e  a f t  po r t ion  of t h e  cargo bay. 
, from t h e  2 boost  engines are t r a n s f e r r e d  t o  p rope l l an t  tank  walls/body s k i n  by a 
lateral  beam. 
Thrust loads  
3.2.2.2 Booster - The s t r u c t u r e  and subsystems arrangement f o r  t h e  boos te r  
i s  shown i n  Figure 3-61. 
r i g h t  hand s i d e  of cen te r  l i n e  and t h e  i n t e r n a l  arrangement on t h e  l e f t  s ide .  
The planform view shows t h e  e x t e r n a l  conf igu ra t ion  on t h e  
The v e h i c l e  body conta ins  a dua l  lobe  p rope l l an t  tank wi th  t h e  ox id ize r  
forward and t h e  hydrogen i n  t h e  a f t  por t ion .  
primary s t r u c t u r a l  s k i n  f o r  t h e  v e h i c l e  body. 
formed by an ex tens ion  of t h e s e  tank  w a l l s  and provide a t r a n s i t i o n  t o  t h e  nose 
rad ius .  This volume enc loses  t h e  crew cabin,  av ionics ,  power supply,  and t h e  nose 
gear .  The a f t  end of t h e  body, housing t h e  boost  engines ,  t h r u s t  s t r u c t u r e ,  and 
p rope l l an t  u t i l i z a t i o n  system is a l s o  an 
lower s u r f a c e  b o a t t a i l  a t  t h e  a f t  end, and t h e  r a i s e d  nose, provides  a negat ive  
camber body. 
s t r i n g e r s  complete t h e  body s t r u c t u r e .  
The w a l l s  of t h i s  tank  form t h e  
The forward end of t h e  body i s  
extens ion  of t h e  p rope l l an t  tanks.  The 
A center l i n e  web between t h e  two tank lobes ,  body r i n g s  and 
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The wing conforms t o  a modified Clark Y a i r f o i l .  
p o s i t i o n  w a s  s e l ec t ed .  This  permits  enclosing t h e  landing engines ,  landing 
p r o p e l l a n t  system, and main gea r  i n  t h e  wing and e l i m i n a t e s  t h e  need f o r  s e p a r a t e  
f a i r i n g s  on t h e  body o r  wing t o  enclose t h e s e  systems. 
l i es  along a cons t an t  p e r  c e n t  of t h e  chord. The o t h e r  s p a r s  are normal t o  t h e  
body s ides .  This  provides  a t r a n s i t i o n  t o  t h e  body r i n g s  and a load  p a t h  f o r  wing 
carry-through without  t h e  n e c e s s i t y  f o r  pene t r a t ing  t h e  p r o p e l l a n t  tank w a l l s  w i th  
primary s t r u c t u r e .  
A t h i c k  wing and low wing 
The forward wing s p a r  
3.2.3 S t r u c t u r a l  Design - Included i n  t h i s  s e c t i o n  is  a d e s c r i p t i o n  of t h e  
s t r u c t u r e  f o r  both t h e  o r b i t e r  and booster .  
design conception and choice of materials. 
w e r e  coordinated w i t h  t h e  NASA-LRC S h u t t l e  group. The s p a c e c r a f t  concept i s  a two 
s t a g e  v e h i c l e  w i th  t h e  o r b i t e r  being supported from t h e  boos te r  l i f t i n g  body 
su r face .  
mating t h e  two v e h i c l e s .  
t ens ion  o r  compression loads,  a l l  o t h e r  loads are c a r r i e d  a t  t h e  two forward 
a t t a c h  po in t s .  
Weight op t imiza t ion  w a s  primary i n  
Criteria and des ign  loads  generated 
A s t a t i c a l l y  determinate  t h r e e  p o i n t  a t t a c h  arrangement i s  used f o r  
The l i n k  a t  t h e  a f t  a t t a c h  p o i n t  carries only d i r e c t  
3.2.3.1 O r b i t e r  S t r u c t u r e  - The gene ra l  arrangement of t h e  o r b i t e r  a i r f r ame  
i s  shown i n  Figure 3-62. 
s t r u c t u r e  wi th  e x t e r n a l  moldline hea t  s h i e l d  panels.  
a t  t h e  forward end of t h e  payload bay and a f t  end of t h e  body s t r u c t u r e .  The 
s t r u c t u r a l  moldl ine is  twelve inches inboard t h e  e x t e r n a l  surface.  For e f f i c i e n t  
u t i l i z a t i o n  of a v a i l a b l e  volume, t h e  main p r o p e l l a n t  tanks are i n t e g r a t e d  w i t h  
t h e  s h e l l  s t r u c t u r e  t o  form i r r e g u l a r  shaped p res su re  vessels. 
tank s t r u c t u r e  provides  load paths  f o r  ca r ry ing  both body bending, a x i a l  and 
shea r  loads simultaneously w i t h  tank p res su re  loads.  With t h e  i r r e g u l a r  shaped 
p res su re  vessel, p re s su re  loads  are d i s t r i b u t e d  t o  b i - a x i a l l y  loaded i n t e r n a l  
baff le /webs by bending t h e  s idewa l l  s t r i n g e r s .  The s h e l l  con ta ins  i n t e g r a l  
l o n g i t u d i n a l  s t i f f e n e r s  and la te ra l  f l anges  f o r  attachment of e x t e r n a l  frames. 
The p i t c h ,  depth and gauge of t h e  l o n g i t u d i n a l  s t i f f e n e r s  and gauge of t h e  s k i n  
are v a r i e d  t o  meet l o c a l  s t r e n g t h  requirements. 
non-structural  h e a t  s h i e l d  panels  and s t i f f e n i n g  t h e  s h e l l  varies from 12 t o  15 
inches.  
l o c a l  s u r f a c e  temperatures.  
f i b r o u s  i n s u l a t i o n  with a minimum two inch  void maintained f o r  purging t h i s  space. 
The body c o n s i s t s  of an i n s u l a t e d  aluminum s h e l l  
Closure bulkheads are provided 
Th i s  i n t e g r a l  
Spacing of frames support ing t h e  
Frame outboard caps are made of t i t an ium o r  Renk 4 1  depending on t h e  
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bay and a f t  end of 
t h e  body s h e l l  s t r u c t u r e  are u t i l i z e d  t o  r e d i s t r i b u t e  v e h i c l e / v e h i c l e  a t t a c h  
loads.  Normal loads  on t h e  bulkheads are reac t ed  by s h e a r s  i n  t h e  s h e l l  s t r u c t u r e .  
Two t i t an ium longerons are provided t o  d i s t r i b u t e  drag loads  t o  t h e  body s t r u c t u r e ,  
The upper a t t a c h  p o i n t s  are loca ted  a t  t h e  i n t e r s e c t i o n  of t h e  payload bay s i d e  
web and i n n e r  moldl ine web t o  t a k e  advantage of t h e  m u l t i p l e  s h e a r  paths .  The 
t i p  f i n s ,  elevons,  and t h r u s t  s t r u c t u r e  are supported by t h e  body s h e l l  and a f t  
c l o s u r e  bulkhead. Torque boxes extending from t h e  bulkhead support  t h e  t i p  f i n s .  
Thrust  s t r u c t u r e  i s  extended from t h e  two i n t e r n a l  ve r t i ca l  web and enclosed 
moldl ine panels.  
s t r u c t u r e .  
The elevons are supported d i r e c t l y  by t h e  bulkhead and s h e l l  
H e a t  s h i e l d  panels  ( sh ing le s )  block t h e  bulk of t h e  h e a t  from t h e  aluminum 
body s h e l l  s t r u c t u r e .  Surface temperatures r e q u i r e  t h e  u s e  of r a d i a t i o n  cooled 
s h i n g l e s  of t i tanium, Renk 41, T D - N i C r  and columbium a l l o y  materials. Panel  
l eng ths  vary from twelve t o  f i f t e e n  inches. S ing le  th i ckness  beaded panels  are 
used on t h e  upper shadowed s u r f a c e  i n  regions which experience low hea t ing  rates. 
Panels used on o t h e r  areas of t h e  body are composed of a n  e x t e r n a l  smooth s k i n  
s t i f f e n e d  by l o n g i t u d i n a l  co r ruga t ions ,  A p i  shaped r e t a i n e r  reacts nega t ive  
p re s su re  loads from t h e  corrugated panels  and provides  a gap f o r  thermal expansion. 
Beaded panels  are r e t a i n e d  by round head screws with clamp-up bushings. 
s i z e  ho le s  provide f o r  thermal expansion. 
Over- 
3 . 2 . 3 . 2  Booster S t r u c t u r e  - The gene ra l  arrangement of t h e  boos te r  a i r f r a m e  
i s  shown i n  Figure 3-63.  
s t r u c t u r e  wi th  a t i t an ium and Ren& 4 1  wing and ve r t i ca l  t a i l  s t r u c t u r e .  
The a i r f r ame  con ta ins  an i n s u l a t e d  aluminum body s h e l l  
The body c o n s i s t s  of a n  i n t e g r a l  tank s t r u c t u r e  wi th  both t h e  forward p o r t i o n  
of t h e  a i r f r ame  and t h r u s t  s t r u c t u r e  being unpressurized extensions of t h i s  
i n t e g r a l  s t r u c t u r e .  
and lateral  f l a n g e s  f o r  attachment of frames. The p i t c h ,  depth and gauge of t h e  
l o n g i t u d i n a l  s t i f f e n e r s  and gauge of t h e  s k i n  are v a r i e d  t o  meet l o c a l  s t r e n g t h  
requirements. The s t r u c t u r a l  moldl ine is twelve inches inboard t h e  e x t e r n a l  
surface.  
dynamic p res su re  loads  and are a t t ached  so as t o  a l low unres t r a ined  thermal 
expansion. Frames support ing t h e  h e a t  s h i e l d  panels  and s t i f f e n i n g  t h e  s h e l l  are 
on twenty inch  c e n t e r s  and are made of t i t an ium t o  minimize conductance of h e a t  
t o  t h e  inne r  s t r u c t u r e .  Space between the  inne r  and o u t e r  s u r f a c e  con ta ins  
The s h e l l  s t r u c t u r e  con ta ins  i n t e g r a l  l o n g i t u d i n a l  s t i f f e n e r s  
Heat s h i e l d  panels  on t h e  e x t e r n a l  s u r f a c e  are non- s t ruc tu ra l  except f o r  
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f i b r o u s  i n s u l a t i o n  wi th  a minimum two inch vo id  maintained f o r  purging this  space 
p r i o r  t o  launch. 
The t h r u s t  s t r u c t u r e  c o n s i s t s  of a semi-monocoque s k i r t ,  w i t h  a v e r t i c a l  
k e e l  web, extended from t h e  i n t e g r a l  tank s t r u c t u r e ,  i n t e r c o s t a l s  f o r  l o c a l  
engine support  and two major frames t o  support  t h e  i n t e r c o s t a l s .  
ment leaves t h e  c e n t e r  area open and e a s i l y  a c c e s s i b l e  f o r  i n s t a l l a t i o n  of t h e  
propuls ion system. 
cap and a f t  frame. 
c a r r i e d  by t h e  two major frames. 
introduced i n t o  t h e  i n t e g r a l  tank s t r u c t u r e  as d i s t r i b u t e d  loads.  The b a s i c  
s t r u c t u r e  as designed f o r  t h r u s t  l oads  provides  a c a p a b i l i t y  f o r  launch pad t i e  
down loads.  Launch pad a t t a c h  p o i n t s  co inc ide  with t h e  i n t e r c o s t a l s  a t  t h e  lower 
frame. 
frame and are i n  t u r n  d i s t r i b u t e d  t o  t h e  s h e l l  s t r u c t u r e .  
This  arrange- 
Engine loads  are r eac t ed  l o c a l l y  by t h e  inboard i n t e r c o s t a l  
Loads are sheared i n t o  t h e  s k i r t  and r e s u l t i n g  k i c k  loads  are 
Loads are then r e d i s t r i b u t e d  by t h e  sk i r t  and 
T i e  down loads are reac t ed  l o c a l l y  by t h e  outboard i n t e r c o s t a l  caps and 
S t r u c t u r e  provided f o r  t h e  v e h i c l e / v e h i c l e  a t t a c h  loads  inc lude  a t t a c h  
f i t t i n g s ,  major frames t o  react t h e  normal loads  and longerons t o  react t h e  drag 
loads.  A t  t h e  forward a t t a c h  p o i n t s ,  an a t t a c h  f i t t i n g  extends outboard of t h e  
o u t e r  s u r f a c e  moldline w i t h  t h e  in t e rconnec t  inboard of t h e  o r b i t e r  moldline. 
This e x t e r n a l  s t r u c t u r e  is  f i x e d  and made from R e d  4 1  a l l o y  material because of 
r e e n t r y  heat ing.  Loads on t h e  f i t t i n g s  are reac t ed  by t h e  frames and longerons. 
Normal loads on t h e  frames are reac t ed  by s h e a r s  i n  t h e  o u t e r  s h e l l  and center-  
l i n e  web. The r equ i r ed  frame bending s t r e n g t h  n e c e s s i t a t e s  t h e  a d d i t i o n  of a 
beam cap inboard of t h e  tank w a l l .  Two t i t an ium longerons are used t o  d i s t r i b u t e  
drag loads t o  t h e  i n t e g r a l  body s t r u c t u r e .  The t h r u s t  s t r u c t u r e  i s  used t o  react 
t h e  a f t  a t t a c h  p o i n t  loads.  
The wing and t a i l  are designed as hot s t r u c t u r e s .  Design temperatures are 
such t h a t  R e d  4 1  and t i t an ium a l l o y  materials can b e  used f o r  t h e  s t r u c t u r e .  
I n  general ,  R e d  4 1  material i s  used along t h e  leading edges and forward p o r t i o n  
of t h e  lower wing s u r f a c e  w i t h  t i t an ium material used over t h e  remainder of t h e  
su r faces .  
Spars  i n  t h e  ver t ica l  t a i l  have been loca ted  t o  co inc ide  wi th  wing c a r r y  through 
s t r u c t u r e  and thereby e l imina te  need f o r  a d d i t i o n a l  s t r u c t u r a l  support  members. 
Wing c a r r y  through s t r u c t u r e  a t  t h e  rear s p a r  i s  continuous through t h e  t h r u s t  
s t r u c t u r e .  Carry through s t r u c t u r e  a t  t h e  in t e rmed ia t e  and f r o n t  s p a r s  i s  
e x t e r n a l  t o  t h e  i n t e g r a l  tank s t r u c t u r e .  
i n  t h e  roo t  area t o  provide e f f i c i e n t  load p a t h  c o n t i n u i t y  between t h e  two 
Conventional multi-spar arrangements are used f o r  both s t r u c t u r e s .  
The wing/fuselage i n t e r s e c t i o n  i s  f a i r e d  
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s t r u c t u r e s .  
Titanium is  used f o r  t h e  frame web and outboard cap because of i ts f a v o r a b l e  
s t r e n g t h  weight r a t i o  and t o  minimize conductance of h e a t  t o  t h e  i n n e r  s t r u c t u r e .  
The inboard frame cap is a n  i n t e g r a l  p a r t  of t h e  body s t r u c t u r e .  
Heat s h i e l d  panels  ( sh ing le s )  block t h e  bu lk  of t h e  h e a t  from t h e  aluminum 
body s h e l l  s t r u c t u r e .  
s h i n g l e s  of t i t an ium and Rent$ 4 1  a l l o y  materials. The pane l s  are twenty inches 
long and on t h e  lower s u r f a c e  and s i d e s  of t h e  body are composed of a n  e x t e r n a l  
smooth s k i n  s t i f f e n e d  by l o n g i t u d i n a l  corrugat ions.  S ing le  th i ckness  beaded 
panels  are used on t h e  upper shadowed s u r f a c e  i n  areas of low hea t ing .  
Surface temperatures permit t h e  u s e  of r a d i a t i o n  cooled 
Panels  d i s t r i b u t e  p o s i t i v e  p re s su re  loads d i r e c t l y  t o  t h e  frames by bear ing 
on support  channels. A p i e  shaped r e t a i n e r  reacts nega t ive  p re s su re  loads  from 
t h e  corrugated panels  and provides  a gap f o r  thermal expansion. 
r e t a i n e d  by round head screws wi th  clamp-up bushings. 
thermal expansion. 
Beaded panels  are 
Oversize h o l e s  provide 
3.2.4 Thermal P r o t e c t i o n  System 
3.2.4.1 O r b i t e r  TPS - The o r b i t e r  b a s e l i n e  e x t e r i o r  h e a t  p r o t e c t i o n  system 
c o n s i s t s  of t i t an ium sh ing le s ,  R e d  41 s h i n g l e s ,  TD nickel-chrome s h i n g l e s ,  and 
columbium s h i n g l e s  d i s t r i b u t e d  on t h e  v e h i c l e  s u r f a c e  as shown i n  Figure 3-64. 
Titanium s h i n g l e s  are used on t h e  upper body su r face .  
on t h e  body s i d e s ,  d o r s a l  f i n ,  upper elevon su r faces ,  and lower body s u r f a c e  near  
t h e  o r b i t e r  c e n t e r l i n e  a t  t h e  a f t  end. 
lower s u r f a c e  a t  t h e  nose. TD nickel-chrome s h i n g l e s  are used on t h e  body lower 
s u r f a c e ,  lower elevon s u r f a c e s ,  t i p  f i n s ,  and d o r s a l  f i n  l ead ing  edge. 
Renk 41 s h i n g l e s  are used 
Columbium s h i n g l e s  are used on t h e  body 
I n s u l a t i o n  w i l l  b e  r equ i r ed  underneath t h e  o r b i t e r  metallic s h i n g l e s  t o  reduce 
t h e  h e a t  t r a n s f e r  t o  t h e  cryogenic tank w a l l  i n  o r d e r  t h a t  t h e  temperature does 
no t  exceed 200'F. 
An a l t e r n a t e  o r b i t e r  conf igu ra t ion  w a s  considered using s h i n g l e s  cons t ruc t ed  
of HCF (hardened compacted f i b e r s )  i n  p l a c e  of t h e  TD nickel-chrome and columbium 
sh ing le s .  
case. 
s h i n g l e s  on t h e  b a s i s  of v e h i c l e  weight comparison. 
The same t i t an ium and Rent$ 4 1  s h i n g l e  conf igu ra t ion  w a s  used on each 
The TI3 nickel-crhome and columbium s h i n g l e s  proved s u p e r i o r  t o  t h e  HCF 
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Although emphasis was placed in TD nickel-chrome during the study, it appears 
that columbium should be recommended because of the extensive experience acquired 
in fabrication, handling, and testing on the ASSET and BGRV programs. The 
radiative panels also permit more conventional manufacturing and handling 
techniques than the HCF which is more subject to damage requiring special handling 
and manufacturing processes. 
Material selection is based on the following temperature use ranges: 
Titanium (8A1-1Mo-1V) 400 - lOOO'F 
Rend 41 1000 - 1600'F 
TD-NiCr 1600 - 22OO'F 
Columbium 2200 - 2800'F 
The temperature use range upper bounds are based on material strength/density 
ratios, material metallurgical stability temperature limits and coating life. 
metallurgical stability temperature limit is the temperature where a notable 
change in the metallurgical structure or significant reduction in mechanical 
properties occurs. If the temperature for metallurgical stability is exceeded, 
it is important to consider time dependent post heating effects. 
higher temperatures for significant periods of time may result in subsequent 
reduction in both room arid elevated temperature mechanical properties and material 
ductility. However, test data for some materials has indicated that accumulated 
temperature effects of recycling from room to peak temperature have considerably 
less degrading effect on mechanical properties than continuous exposure for the 
same total time at peak temperature. 
The 
Exposure to 
The temperature limit of lOOO'F employed for titanium alloy 8A1-1Mo-1V is 
based primarily on the reduction in mechanical properties above this limit. Accu- 
mulative exposures to 1000'F for short periods of time will not produce subsequent 
reduction in room and elevated temperature mechanical properties. Continuous 
exposure (10 hrs.) of Rend 41 above 1400'F has resulted in degradation of subsequent 
room and elevated temperature mechanical properties; however, it is felt that 
short time exposures to 1600'F can be tolerated with negligible effect on mechanical 
properties. 
flight is representative of an orbiter with a 100-flight life. 
limit of 2200'F utilized for thorium-dispersed, nickel chrome (TD-NiCr) is based 
on the metallurgical stability limit. 
coating life for 100 flights. 
Ten hours of accumulative 6-minute exposures to peak temperature per 
The temperature 
Columbium alloy upper bound is based on 
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Booster TPS - The thermal p r o t e c t i o n  arrangement f o r  t h e  boos te r  is shown i n  
Figure 3-65. 
i n s u l a t i o n  and a r a d i a t i o n  gap t o  l i m i t  t h e  maximum tank w a l l  temperature t o  200°F. 
It is  necessary t o  l i m i t  t h e  maximum tank w a l l  temperature t o  200°F s o  t h a t  t h e  
Heat t r a n s f e r  between t h e  s h i n g l e  and tank w a l l  is  minimized by 
f r e o n  blown polyurethane foam i n s u l a t i o n  and NARMCO 7343 adhesive (foam t o  tank) 
l i m i t  temperature of 200°F is n o t  exceeded. 
Methods used f o r  attachment and support  of t h e  corrugated pane l s  are shown i n  
Figure 3-66. A p i e  shaped r e t a i n e r  e n t r a p s  t h e  s h i n g l e s  and provides  a gap f o r  
thermal expansion. The arrangement allows removal of i n d i v i d u a l  panels.  
P re s su re  loads are beamed by t h e  co r ruga t ions  t o  supports  a t  t h e  forward and 
a f t  edges of t h e  panels.  The supports  are a t t ached  t o  body frames. The attachment 
and support  concept are s i m i l a r  f o r  r a d i a t i o n  cooled s h i n g l e s  of t i tanium, Renk 41 
and TD-NiCr  a l l o y s  wi th  t h e  except ion a support  beam, i s o l a t e d  from frame caps by 
b racke t s ,  is  used t o  react p o s i t i v e  p re s su re  loads from TD-NiCr  panels  whereas 
t i t an ium and R e d  4 1  panels  are used i n  lower temperature zones and bear  d i r e c t l y  
on frame caps through support  channels. The p i e  shaped r e t a i n e r  reacts nega t ive  
p re s su re  loads on t h e  panels.  These loads are introduced i n t o  t h e  frames through 
support  brackets .  The s tandoff  support  b racke t s  are used t o  minimize t h e  conduc- 
t i v e  h e a t  pa th  from s h i n g l e  t o  primary s t r u c t u r e .  
Beaded panels  are used on t h e  shadowed s u r f a c e  i n  r eg ions  which experience 
low hea t ing  rates, I n  t h e s e  areas t h e  s u r f a c e  i r r e g u l a r i t i e s  due t o  t h e  beads do 
no t  s i g n i f i c a n t l y  a l te r  t h e  h e a t  i n p u t s  o r  aerodynamic c h a r a c t e r i s t i c s .  Panels  
are r e t a i n e d  by round head screws with clamp-up bushings. 
f o r  thermal expansion. 
Oversize h o l e s  provide 
An a l t e r n a t e  t o  t h e  metallic s h i n g l e  is t h e  hardened compacted f i b e r  (HCF) 
( Insu la t ion )  bonded t o  a f i b e r g l a s s  honeycomb subs t ruc tu re .  The attachment 
concept i s  similar t o  t h a t  employed f o r  t h e  corrugated pane l s  w i t h  t h e  except ion 
t h e  panel  i s  allowed t o  bear  d i r e c t l y  on t h e  frame cap. 
3.2.5 Propuls ion Systems - Three major propuls ion systems are requ i r ed  on 
each s tage:  Boost, Secondary ( a t t i t u d e  c o n t r o l / o r b i t  maneuvers) and Landing. 
A summary of t h e s e  systems i s  presented i n  Table 3-12 f o r  t h e  b a s e l i n e  v e h i c l e .  
Schematic diagrams f o r  both t h e  o r b i t e r  and boos te r  propuls ion systems are 
shown r e s p e c t i v e l y  i n  Figures  3-67 and 3-68. 
b a s e l i n e  system requirements and design c h a r a c t e r i s t i c s  i s  contained i n  t h e  
following paragraphs. 
A more complete d i s c u s s i o n  of t h e  
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SUPPORT BRACKET FLUSH HEAD SCREW 
SHINGLE SUPPORT FIBROUS 
INSULATION 
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0 2 ENGINES (XLR-129); 
Fs.L./ENGINE = 448,000 LB 
0 L02/LH2 PROPELLANTS; 
INTEGRAL TANKS 
0 GOdGHp PRESSURIZATION 
ATTITUDE CONTROL & MANEUVER 
0 20 ENGINES; 
Fv/ENGIIPE = 4000 LB 
0 G02/GH2 PROPELLANTS 
0 TURBOPUMP FEED 
, 0 4 DEPLOYABLE TURBOJET ENGINES; 
FSLdENGINE = 20,000 LB (JTll) 
JP FUEL 
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PROPULSION 
CONCEPT “L” 
BASELINE PROPULSION SYSTEM DESCRIPTION 
I SYSTEM I CARRIER I ORBITER 
LANDING 
PROPULSION 
0 10 ENGINES (XLR-129); 





0 12 ENGINES; 
Fv/ENGINE = 4,000 LB 
0 GOz/GHp PROPELLANTS 
e TURBOPUMP FEED 
0 4 DEPLOY ABLE TUREOFAN ENGINES; 
FsLdENGINE = 39,000 LB (TF39) 
0 JP. FUEL 
TABLE 3-12 
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CONCEPT “L” 
CARRIER PROPULSION SYSTEMS 
LANDING PROPELLANT 
LIQUID HYDROGEN TANK 
LH2 FEED DUCT (5 PERTANK DOME) 
OLATION VALVE (1 PER FEED DUCT) 
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3.2.5.1 Boost Propuls ion - The P r a t t  and Whitney XLR-129 engine design is  
incorporated i n  both s t a g e s ;  10  i n  t h e  carrier and 2 i n  t h e  o r b i t e r .  The same 
engine is used i n  both s t a g e s  i n  terms of chamber p re s su re ,  mixture r a t i o ,  sea 
level t h r u s t  and primary o r  r e t r a c t e d  expansion r a t i o ,  r e s u l t i n g  i n  t h e  same 
turbomachinery and comubstion chamber designs.  However, some l i b e r t y  w a s  taken 
with t h e  s i n g l e  engine development concept i n  t h a t  d i f f e r e n t  extended o r  maximum 
expansion r a t i o s  are used f o r  t h e  carrier and o r b i t e r .  Maximum u t i l i z a t i o n  w a s  
made of t h e  v e h i c l e  base  areas t o  provide i n s t a l l a t i o n  of maximum nozzle  expansion 
r a t i o s .  The reduced gimbal ang le  and i n s t a l l a t i o n  c o n s t r a i n t s  of t h e  o r b i t e r  
allowed t h e  i n s t a l l a t i o n  of a nozzle  expansion r a t i o  g r e a t e r  than f o r  t h e  carrier. 
The corresponding i n c r e a s e  i n  o r b i t e r  vacuum s p e c i f i c  impulse i s  considered t o  
produce a payload advantage t h a t  more than o f f - s e t s  t h e  increased engine develop- 
ment requirements. 
The p r o p e l l a n t  tanks f o r  both s t a g e s  are p rep res su r i zed  p r i o r  t o  l i f t o f f  w i th  
ground ambient helium. During f l i g h t ,  p r e p r e s s u r i z a t i o n  i s  accomplished us ing  
vaporized p r o p e l l a n t s  t h a t  are bled from t h e  engines.  The c o n t r o l  systems c o n s i s t  
of o r i f i c e s  and va lves  a c t u a t i n g  open o r  c losed on p res su re  switch command. The 
maximum tank p res su res  ( r e l i e f  s e t t i n g )  are 29 p s i a  LOX and hydrogen on t h e  carrier 
and 29 p s i a  LOX and 33.5 p s i a  hydrogen on t h e  o r b i t e r .  
25 p s i a  LOX and 27 p s i a  hydrogen. 
Nominal tank p res su res  are 
The LH feed system l i n e s  on both t h e  o r b i t e r  and carrier are 12 inches i n  2 
diameter and run i n d i v i d u a l l y  from t h e  tankage t o  each engine. Two 12 inch  
diameter LOX lines feed t h e  o r b i t e r .  The carr ier  LOX feed system c o n s i s t s  of two 
l i n e s  from t h e  tank,  16 inches i n  diameter,  each of which branches i n t o  f i v e ,  1 2  
inch l i n e s ,  one f o r  each engine. 
Tank f i l l  is  through a s e l e c t e d  feed l i n e  with t h e  except ion of t h e  carrier LH2 
tank . 
The hydrogen l i n e s  are e x t e r n a l l y  i n s u l a t e d .  
Provis ion is  made f o r  a l l  p r o p e l l a n t  tankage t o  be  vented during ground hold 
Both p r o p e l l a n t s  are vented non-propulsively during f l i g h t .  and f l i g h t .  
sense tank p r e s s u r e  and open a t  t h e i r  r e l i e f  s e t t i n g ,  A redundant r e l i e f  valve 
design ensures  tank p res su re  con t ro l .  
The va lves  
The pneumatic systems f o r  both s t a g e s  are i d e n t i c a l  i n  design and are requ i r ed  
f o r  engine and s t a g e  valve ac tua t ion .  
a s i n g l e  3000 p s i  4.5 f t  
Both t h e  booster  and o r b i t e r  i nco rpora t e s  
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system t o  s a t i s f y  s t a g e  valve pneumatic requirements. 
p re s su re  c o n t r o l  system is i n s t a l l e d  f o r  engine supply. 
of f ive helium spheres  wh i l e  t h e  booster  r e q u i r e s  19. 
I n  a d d i t i o n ,  a 1500 p s i a  
The o r b i t e r  u ses  a t o t a l  
The recommended PU system is a modified closed loop system w i t h  p i l o t  over- 
r i d e  f o r  both s t ages .  
determined by tank mounted instrumentat ion and displayed t o  t h e  crew. Adjustment 
of t h e  engine mixture  r a t i o  is then performed by p i l o t  c o n t r o l  i f  necessary t o  
minimize p r o p e l l a n t  r e s i d u a l s .  
loaded p rope l l an t .  
P rope l l an t  q u a n t i t i e s ,  and thus  tank mixture  r a t i o  i s ,  
The design p r o p e l l a n t  r e s i d u a l s  are 0.5% of 
3.2.5.2 O r b i t  Maneuvering and A t t i t u d e  Control  System - A secondary propuls ion 
system i s  requ i r ed  on both t h e  boos te r  and o r b i t e r  t o  provide an a t t i t u d e  c o n t r o l  
and maneuver c a p a b i l i t y  from t h e  t i m e  of boost system shutdown u n t i l  such t i m e  as 
t h e  v e h i c l e  e n t e r s  t h e  s e n s i b l e  atmosphere. 
t h e  s tudy requirement t o  u t i l i z e  02/H2 p r o p e l l a n t s  and t h e  MDAC ground r u l e  t o  
provide t h e  c a p a b i l i t y  f o r  mission completion i n  t h e  event  of a s i n g l e  engine 
f a i l u r e .  
Major system design c o n s t r a i n t s  are 
The 0 /H p r o p e l l a n t s  are s t o r e d  as l i q u i d s  i n  low p res su re  tanks t h a t  2 2  
inco rpora t e  s c r e e n  s ta r t  tanks f o r  p rope l l an t  o r i e n t a t i o n .  P r e s s u r i z a t i o n  i s  
accomplished using r e s i d u a l  helium from t h e  boost  pneumatic system. The 
p r o p e l l a n t s  are increased i n  p re s su re  using turbopumps, vaporized i n  a high 
p res su re  h e a t  exchanger and temporar i ly  s t o r e d  i n  accumulators pending demand 
usage by t h e  engines.  
is t h e  exhaust products  from a G02/GH 
provide 3 axis a t t i t u d e  con t ro l .  
t h r u s t  engines is  loca ted  forward of t h e  boos te r -o rb i t e r  a t t a c h  po in t s .  These 
The energy source f o r  t h e  h e a t  exchangers and turbopumps 
h o t  gas gene ra to r  tapped off  t h e  accumulators. 2 
A group of twelve 4000 lb .  t h r u s t  engines loca t ed  i n  t h e  base of t h e  boos te r  
An a d d i t i o n a l  p a i r  of down f i r i n g ,  4000 lb .  
engines,  i n  conjunct ion wi th  t h e  p i t c h  down engines loca t ed  i n  t h e  booster  base,  
provide an "upward" t r a n s l a t i o n  c a p a b i l i t y  f o r  s t a g e  sepa ra t ion .  
The engines and f low components (turbopump, hea t  exchanger, accumulator) 
developed f o r  t h e  o r b i t e r  are a l s o  used i n  t h e  booster .  
p r o p e l l a n t  s t o r a g e  tanks are required because of t h e  cons ide rab le  d i f f e r e n c e  i n  
t o t a l  impulse required.  
c o n t r o l  and o r b i t  maneuver. 
However, d i f f e r e n t  
A s i n g l e  i n t e g r a t e d  system i s  used f o r  both a t t i t u d e  
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The p r o p e l l a n t  s t o r a g e  tanks inco rpora t e  a p r o p e l l a n t  o r i e n t a t i o n  device 
( f o r  a t t i t u d e  c o n t r o l )  t h a t  c o n s i s t s  of a s ta r t  tank, s c reens  and a r e f i l l  valve. 
The start  tank i s  p res su r i zed  by a co ld  helium system. R e f i l l  occurs  during t h e  
long main o r b i t a l  maneuver burns. 
vaporized p r o p e l l a n t s  drawn from t h e  accumulators. 
t h e  turbopumps, h e a t  exchangers and accumulators are t h e  s a m e  as those  i n  t h e  
boos te r  system. 
Main tank p r e s s u r i z a t i o n  i s  accomplished us ing  
The design and ope ra t ion  of 
The system uses  20 engines,  a group of 1 0  loca ted  i n  each outboard f i n .  Twelve  
engines proki.de t h e  necessary t h r e e  a x i s  a t t i t u d e  c o n t r o l  wh i l e  t h e  remaining 8 
( 6  a f t  f i r i n g ,  2 forward f i r i n g )  provide t h e  r equ i r ed  t r a n s l a t i o n  c a p a b i l i t y .  
3.2.5.3 Landing Propulsion - The landing propuls ion system provides  t h e  
c r u i s e  c a p a b i l i t y  necessary f o r  r e t u r n  t o  t h e  launch s i te .  This  i s  an MDAC 
requirement imposed t o  enhance t h e  turnaround operat ion.  
f l i g h t  ( t h r u s t  = drag) wi th  an engine out i s  a con t inua t ion  of t h e  philosophy t o  
design f o r  mission completion following a s i n g l e  engine f a i l u r e .  
ment stems from t h e  b a s e l i n e  v e h i c l e  s t ag ing  v e l o c i t y / a l t i t u d e  and inc ludes  approx- 
imately 100 NM as an allowance f o r  t h e  f i n a l  landing maneuver and f o r  contingency 
( i , e . ,  head winds and ho t  day ope ra t ion ) .  The carrier v e h i c l e  L/D of 7.0 i s  used 
i n s t e a d  of t h e  wind tunne l  der ived va lue  of 7.3 t o  account f o r  d i r e c t i o n a l  t r i m  
l o s s e s  r e s u l t i n g  from an asymmetrical engine out  condi t ion.  Also, no b e n e f i t  i s  
taken f o r  t h e  l i f t  component of t h r u s t .  The s e l e c t i o n  of JP  f u e l  i s  based on 
minimizing development, however, an assessment of LH f u e l  w a s  a l s o  made. Turbo- 
f a n s  are incorporated because of s p e c i f i c  f u e l  cornsumption considerat ions.  
The c a p a b i l i t y  of l e v e l  
The range require-  
2 
The booster  landing propuls ion system u t i l i z e s  f o u r  wing mounted turbofan 
engines t h a t  are deployed downward f o r  operat ion.  
t h r u s t  of each engine i s  39,000 pounds. This  t h r u s t  l e v e l  i s  almost i d e n t i c a l  
t o  t h a t  of t h e  TR39 engine used as t h e  r e fe rence  engine t o  o b t a i n  parametr ic  
cyc le  da t a .  
of t h e  TR39 class. The f u e l  system i s  loca ted  i n  t h e  wing j u s t  forward of t h e  
engines. 
The r equ i r ed  sea level s t a t i c  
Therefore,  t h e  b a s e l i n e  system i s  considered t o  u s e  e x i s t i n g  engines 
An o r b i t e r  system is provided t o  s a t i s f y  t h e  s tudy requirement f o r  a s h o r t  
per iod of powered f l i g h t  during t h e  f i n a l  phase of landing. The o r b i t e r  landing 
propuls ion system (engines and f u e l )  i s  loca ted  i n  t h e  forward f u s e l a g e  j u s t  a f t  
of t h e  crew. This  i s  a p a r t  of t h e  equipment arrangement e f f o r t  t o  e l i m i n a t e  
b a l l a s t .  Four deployable t u r b o j e t s  are i n s t a l l e d ,  each providing a sea level 
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stat ic  t h r u s t  level of 20,000 pounds. A s  i n  t h e  case of t h e  boos te r ,  t h i s  t h r u s t  
level i s  ve ry  nea r  t h a t  of t h e  J T l l  (558) r e fe rence  engine. Thus, t h e  o r b i t e r  
system i s  a l s o  considered t o  u s e  e x i s t i n g  engines.  
3.2.6 Weight Analysis - Concept "L" weight summaries f o r  payload c a p a b i l i t i e s  
of 10,000 (15 x 17 f t )  25,000 (15 x 30 f t )  and 50,000 (15 x 60 f t )  l b .  are 
presented i n  Tables 3-13 and 3-14. 
weight information given i n  Reference 2. 
These d a t a  w e r e  based on t h e  conf igu ra t ion  and 
The weight s ta tement  of Table 3-13 i s  i n  accordance wi th  t h e  breakdown l o g i c  
of Concept "S" as shown i n  Figure 3-59. 
enables  t h e  r eade r  t o  make quick comparisons between concepts. 
t h i s  format some of t h e  component weights r epor t ed  i n  Reference 2 had t o  be  
r e d i s t r i b u t e d  i n  o rde r  t o  make t h e  weight s ta tement  c o n s i s t e n t  w i t h  t h e  o t h e r  
two concepts. For example, boost  engine t h r u s t  s t r u c t u r e  and hydrogen tank 
i n s u l a t i o n  were removed from t h e  body s t r u c t u r e  and added t o  t h e  main propuls ion 
system. 
system where as i n  Concept "S" and "M" they are t r e a t e d  s e p a r a t e l y .  
A standardized format such as t h i s  
I n  complying w i t h  
I n  Concept "L" t h e  a t t i t u d e  c o n t r o l  and o r b i t  maneuver system are one 
Generql d e f i n i t i o n  of t h e  concept i n  terms of i t s  geometric c h a r a c t e r i s t i c s ,  
material breakdown, and component d e s c r i p t i o n s  of va r ious  subsystems can b e  found 
i n  Table  3-14. 
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TABLE 3-13 
CONCEPT “L” - ORBITER AND BOOSTER WEIGHT SUMMARY 
50K PAYLOAD 25K PAYLOAD 10K PAYLOAD 
ORBITER BOOSTER ORBITER BOOSTER ORBITER BOOSTER 
SUBSYSTEM ‘COMPONENT I L B I  
BODY STRUCTURE 147.1701 181.7Ml 132,140) 00,3001 126,7501 153,840) 
INTEGRAL TANK SIDEWALLS 23,590 58.990 16.070 50,730 12,280 38.600 
REMAINING BODY STRUCTURE 23.580 22.760 16.070 19,570 14.470 15,240 
THERMAL PROTECTION SYSTEM 141.300l 127.4701 127,9701 122.4501 123,4601 (18.0601 
BODY 29,880 21,230 20,230 17.000 16.970 13,960 
AERO SURFACES 10.430 7.070 5.930 
BASE HEAT SHIELD 990 1.600 670 1,450 560 1,050 
INSULATION FOR LANDING ASSIST ENGINES 4,640 4,000 3,050 
AERO SURFACES (13.5101 (104.930) 19,1501 (90.2901 0,6701 (69.010 
WING 96,960 83,430 63.760 
VERTICAL T A I L  2.610 7.970 1.770 6,860 1,480 5,250 
SIDE FINS 7.860 5,320 4.460 
ELEVONS 3,040 2.060 1.730 
LANDING GEAR 112.77Ol (24,8901 (8,3601 f20.2901 16,5401 115 880 
MAIN PROPULSION SYSTEM (50,030) (183,1401 (34.740) 1136.680) (29 470) 1111 820 
ENGINES 13,570 66,330 9.760 47,740 8.340 40.850 
GIMBALS 2,390 11,700 1,460 7,160 1,250 6.130 
TANK BULKHEADS. BAFFLES 8 T I E  RODS 15.390 41,170 10.480 35,390 8.800 27.000 
TANK INSULATION 5,340 8,400 3.620 7,300 3.040 5.530 
THRUST STRUCTURE 4,610 22,490 3.120 15,250 2,620 12.770 
ORBIT MANEUVER AND ATTITUDE CONTROL SYSTEM (4,660) (1,220) (3.0501 (1,1201 (2.400) I7601 
ENGINES 1,190 510 780 470 610 320 
TANKS 1,285 220 840 200 660 4 40 
ACCUMULATORS, CONDITIONING SYSTEN. PLUMBING. ETC 2.185 490 1,430 450 1.130 300 
LANDING ASSIST 120.350) 141.4101 113.3201 (35.5901 (10.420) 126 290 
ENGINES 19,570 38,410 12.810 32,480 10,020 24.420 
F U E L  TANKS 310 1,200 200 1.240 160 750 
F E E 0  SYSTEM 470 1,800 310 1,870 240 1.120 
PRIME POWER SYSTEM (4.5571 13 8951 (3.895) 4.5571 13 895 (4.5571 
BATTERIES 230 690 230 690 230 690 
FUEL CELLS 400 400 400 
REACTANT SUBSYSTEM - ORY 337 337 - 337 
REACTANTS 530 530 530 
AUXILIARY POWER UNIT 280 715 280 715 280 715 
F U E L  540 575 540 575 540 575 
INVERTERS 160 160 160 160 160 160 , CIRCUITRY 2,000 1.645 2,000 1,645 2,000 1,645 
AERODYNAMIC CONTROLS (2,320) (2,5501 (1.620) (2.180) (1,340) (1,760 
AVIONICS r2.2001 l1.5701 (2,2001 (1,570) (2,2001 (1.570 
GUIDANCE AN0 NAVIGATION 890 410 890 410 890 410 
TELECOMMUNICATIONS 325 205 325 205 325 205 
CENTRALMANAGEMENT COMPUTER 180 180 180 180 180 180 
OISPLAYS. CONTROL & SEQUENCING 480 480 480 480 480 480 
FLIGHT CONTROL 75 75 75 75 75 75 
CONTROL AMPLIFIERS 125 95 125 95 125 35 
INSTRUMENT4TION 125 125 125 la5 125 125 
ORDNANCE 12W) 1200) (200) (200) (2001 1200 
ENVIRONMENTAL CONTROL SYSTEM (1,940) (4301 (1.940) (4301 (1.940) 1430 
GAS MANAGEMENT AN0 PROCESSING 52 52 52 - 
GAS SUPPLY AND CONTROLS 353 353 353 - 
HEAT TRANSPORT 1,022 1,022 - 1.022 - 
CREW WATER SUPPLY 11 11 - 11 
HYDRAULIC SYSTEM COOLING 409 120 409 120 409 I20 
AIR CYCLE 50 50 - 50 
COOLANT LOOP 215 215 215 
02 SUPPLY 25 25 25 
CREW AND FURNISHINGS 600 (6001 (6001 (6001 (6001 (600 
CREW 400 400 400 400 400 400 
FURNISHINGS 200 200 200 200 200 1 200 
BALLAST 0 0 0 0 0 0 
130.825 CONTINGENCY (20,228) ( 47,940) (13.988) 
MAIN PROPELLANT (928.2801 (2,729.960) (538,400) (2.181.8401 (453.710) 11.455.110 
USABLE - BOOST 868.570 2,702,660 499.980 2,160,060 423.310 1.440.510 
RESIOUAL A N 0  PRESSURANT 10,170 27.300 5.970 21,780 5,000 14,540 
137.280 
USABLE 15,220 58.770 9,970 60.940 7,800 36.550 
RESIDUAL 300 1,180 200 1.220 160 730 
ACS PROPELLANT (3,040) (1,210) (1.990) 19301 (1,5601 (800 
USABLE 2.950 1,180 1,930 900 1,510 780 
FEED SYSTEM 8,730 33,050 6,300 23,840 5.420 20 54lJ 
TANK, LINES AND VALVES 80 110 80 110 80 110 
HYDRAULICS (1,2401 (1,490) (830) (1,2501 (680) oao 
CIRCUITRY, LINES, FITTINGS 93 20 93 20 93 20 
(39.060) (11.7781 
ON-ORBIT MANEUVER I \V - 2,000 FPS) 49.540 32.450 - 25,400 
(62.160) (7,9601 JET F U E L  (15,520) (59.950) (10,170) 
RESIDUAL A N 0  PRESSURANT 90 30 60 30 50 20 
PAYLOAD (50,000 - (25,000) - (10,000) 
STAGE L IFT-OFF WEIGHT 1,219,915 3,314,605 730,225 2,670,835 603,235 1.830.110 
GROSS LAUNCH WEIGHT 4,534,520 3,401,060 2,43 3 4 5  
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TABLE 3-14 
CONCEPT "L" - GEOMETRICAL 
L E N G l H  - t T  
PAYLOAD r Y L l N O l  R lIIMCN5ION< 
AHtAS SI) F I  
r I 
RODY / ( E l l t o  A R E A - D M L  
thlPENNAT,E WETTED AREA 
V f  R l l C G L  TAIL $11 
SIDE FINS I71 
€LLVONS 71 
XINL %€TTED AREA 
OOOP A P t A  
VOLUML - CtI t I 
R O W  - O I L  
i l N L  
A L U I I N U I  
HOOY STRIILTURF X f I C H I  ILB! 




T I  1 ANIUV 
IINC, fdlCRllQllAH1 / 
V I  R T l r A L  t I N  
H r N l  
TUNICKCL L t A O l N C E O G E ~  
\IX ?IN{  
I O-NIJb i l  
R E N t  
P F N t  
r L F JCNS 
10 I I C K € L  




V I F I l I C A l  t l N  
HI N I  
I ANlUM 





TANK RUkKHLADS BAFFLES AND TIE RODS 
TAN6 INSUk ATION 
ALUhllNUM - hEICHT I L B I  
POI YNt THANE FDAV %T ILB ARFAiSQ FTI 
TITANIUM - WFICHI mLBi 
IHPUST \TRIILTURE 
i Y d l l  IUE ,TRIFTIDN 
r y r r  
NdblRCP 
I H R I I i ~  I'[H I NGINt 1 OS GVACI 
I K l I P E L L A N I  I ( P I  
ilWlI; BANLJVCR A h 0  ATTITUDE CONTROL SYSTEM 
TANKS - LOX AN0 LH, 
VGLUFclE - CU FT 
TYPC 
NUMRFR 
lHRUS1 W H  ENGINE - L B I V A C I  
ALUMINUM - .EIG~T ILB~ 
LNGlNE DE SCRIPTION 
P 9 O P t L L P N T  T V P t  
TANK - B L A D D t R  1 Y P k  
t h C l N E  01 SCHIPTION 
LARUINL ASSIS1 
VOLUME ru FI 
T Y f f  
N U l f i t  H 
THRUST P E R  tNCl f lE - LEI GSLSI 
FUEL TYFt 
EAT1 ERIES, AgO Zni 
PHIMF P O I E R  :Y511hl 
E N t f l L Y  PLR BATTERY KXH 
N U l E E R  
F U F L ( I I L  
IWER OUTPUT PFH FUEL r t u  - w 
NUMBER 
Nl l f lBF R 
NUfi lREROt CQEh 
AIIXILIARY POVIER UNIT 
f NVIPONMFYTAL I O N l H O l  SYYTEfd 
VIF5ION DURATION - DAYS 
MATE1 
50 K PAY 
ORBITER 
130 




1 3 5 6  
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3.3 Analysis of Concept "M" - The a n a l y s i s  of Concept "M" cons i s t ed  of 
d e f i n i n g  a set of ground r u l e s  and assumptions, providing d e t a i l  d e s c r i p t i o n s  of 
t h e  major subsystems and t h e  gene ra t ion  of a d e t a i l e d  weight s ta tement .  
relative t o  each of t h e s e  i t e m s  i s  contained i n  t h i s  s e c t i o n  of t h e  r e p o r t .  It 
should be  noted t h a t  t h e  12,500 pound payload conf igu ra t ion  is h igh ly  o p t i m i s t i c .  
This conf igu ra t ion  w a s  generated e a r l y  i n  t h e  NASA-MSC study and i s  no t  considered 
e n t i r e l y  c o n s i s t e n t  s i n c e  t h e  ground r u l e s  f o r  t h i s  payload case w e r e  d i f f e r e n t  than 
t h e  b a s e l i n e  25,000 pound case. 
appl ied t o  t h e  a n a l y s i s  of Concept I'M" are l i s t e d  below. 
information re la t ive t o  t h e  co re  v e h i c l e s  used i n  t h i s  concept can be obtained 
from Reference 3.  
Discussions 
3.3.1 Ground Rules and Assumptions - The gene ra l  ground r u l e s  and assumptions 



















O r b i t e r  and boos te r  s t a g e s  same as those b a s e l i n e  conf igu ra t ions  def ined 
i n  NASA-MSC study under Contract NAS9-9204 Schedule 11. 
Payload Considerations 
45,000 l b  i n  a 15 f t  d i a . ,  60 f t  long envelope 
25,000 l b  i n  a 15 f t  d i a . ,  60 f t  long envelope 
12,500 l b  i n  a 9 f t  d i a . ,  34 f t  long envelope 
High chamber p re s su re  b e l l  nozzles  used f o r  main propuls ion system 
on both co re  v e h i c l e s  
Boost engines are t h e  same s i z e  f o r  both co re  s t a g e s  f o r  any one 
conf igu ra t ion  
Boost p r o p e l l a n t s  are LOX/LH 
Series burn wi th  no p r o p e l l a n t  t r a n s f e r  between c o r e  s t a g e s  
On-orbit A V  c a p a b i l i t y  equal  t o  2000 f p s  
Orb i t  maneuver and a t t i t u d e  c o n t r o l  system p r o p e l l a n t  - LOX/LH2 
Landing assist engine - turbofan f o r  both s t a g e s  
Nominal o r b i t  a l t i t u d e  of 270 n a u t i c a l  m i l e s  and a n  i n c l i n a t i o n  of 55" 
I n s e r t i o n  o r b i t  of 51  x 100 n a u t i c a l  m i l e s  
Mission d u r a t i o n  - 7 days 
Both s t a g e s  have a 2 man crew 
C r e w  w i l l  o p e r a t e  i n  a s h i r t s l e e v e  environment 
Thermo-structural system designed t o  a 3 g normal load  f a c t o r  and a 
1700'F temperature l i m i t  
O r b i t e r  e n t r y  ang le  of a t t a c k  equal  t o  60" 
Prime power f o r  o r b i t e r  and boos te r  i s  suppl ied r e s p e c t i v e l y  by E- -0 
matrix type f u e l  cells and rechargeable  Ago-2N b a t t e r i e s  
Three completely sndependent hydrau l i c  subsystems 
2 
2 2  
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3.3.2 Concept Desc r ip t ion  
3.3.2.1 Orbioer - The o r b i t e r  is a f i x e d  wing r eusab le  v e h i c l e  accommodating 
a crew of two w i t h  a payload c a p a b i l i t y  of 25,000 pounds t o  and from o r b i t .  
payload cargo bay is  15 f t  i n  diameter and 60 f t  long and payload deployment 
c a p a b i l i t y  i s  provided. 
The 
The o r b i t e r  c o n t r o l s  f o r  t h e  subsonic  landing and approach 
c o n s i s t s  of convent ional  a i l e r o n s ,  e l e v a t o r s ,  rudder and double s l o t t e d  f l a p s .  
The RCS system provides  o r i e n t a t i o n  c o n t r o l  throughout e n t r y  and o r b i t a l  phases. 
Four ( 4 )  turbofan engines provide power f o r  convent ional  a i r p l a n e  f l y i n g  q u a l i t i e s  
and 1and ing .p rac t i ces .  A r e t r a c t a b l e  t r i c y c l e  landing gea r  i s  provided. Two (2) 
boost engines are provided f o r  i n i t i a l  o r b i t a l  i n j e c t i o n ,  o r b i t a l  maneuvering and 
d e o r b i t  . 
The arrangement of key f e a t u r e s  are shown i n  F igu re  3-69. The turbofan c r u i s e  
engines are loca ted  i n  t h e  nose of t h e  v e h i c l e  t o  provide a f avorab le  c e n t e r  of 
g r a v i t y  f o r  subsonic,  h o r i z o n t a l  f l i g h t .  The on-orbit p r o p e l l a n t  i s  loca ted  as 
c l o s e  t o  t h e  rocke t  engines as p o s s i b l e  t o  minimize trapped f l u i d  and l i n e  l o s s e s .  
The forward i n t e r s t a g e  a t t a c h  p o i n t  i s  loca ted  a t  t h e  o r b i t e r  g ross  weight c e n t e r  
of g r a v i t y  so t h a t  t h e  s t a g e  s e p a r a t i o n  i s  mainly t r a n s l a t i o n a l  w i t h  a minimum of 
r o t a t i o n  f o r  t h e  o r b i t e r .  
The electrical power equipment, b a t t e r i e s  and f u e l  cells are loca ted  i n  t h e  
forward s e c t i o n  t o  a i d  i n  l o c a t i n g  t h e  c e n t e r  of g r a v i t y  as f a r  forward as poss ib l e .  
The payload a c t u a t i o n  mechanism is  loca ted  i n  an unpressurized area. This  
mechanism can b e  used t o  r o t a t e  t h e  payload and extend i t  ou t  over t h e  f r o n t  of 
t h e  v e h i c l e  when docking is  requ i r ed  f o r  t h e  mission. 
The equipment loca t ed  i n  t h e  p re s su r i zed  area a f t  of t h e  crew i s  normally 
used by t h e  crew during t h e  mission. 
The f i g u r e  shows t h e  design approach f o r  subsystem i n t e g r a t i o n  with emphasis 
given t o  l o c a t i o n  of equipment i n  a forward equipment bay, i n s t a l l a t i o n  of 
environmental c o n t r o l  system ad jacen t  t o  cabin,  p rov i s ion  of guidance and nav iga t ion  
system on a "common base" t o  exped i t e  alignment and checkout, and proximity of 
i n - f l i g h t  equipment f o r  r a p i d  crew access and con t ro l .  This  approach enhances 
r e l i a b i l i t y ,  alleviates maintenance problems, and provides  c.g. c o n t r o l .  
Also shown is  t h e . i n g r e s s / e g r e s s  f e a t u r e s  f o r  t h e  two man f l i g h t  crew. IVA 
crew t r a n s f e r  is p o s s i b l e  by two (2) rou te s :  e i t h e r  through t h e  
o r  through t h e  payload interface hatch. EVA can be  accomplished 
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payload interface hatch. 
payload interface hatch while post landing and ferry operation ingress/egress is 
realized through the lower hatch and nose gear area. 
Ingress/egress after launch mating will be done via the 
3.3.2.2 Booster - The booster, shown in Figure 3-70, is powered during ascent 
by ten (10) bell nozzle 400,000 lbs. thrust rocket engines using LO2 and LH2 
propelaants. Six ( 6 )  turbofan cruise engines, installed well forward to aid in 
c.g. control are provided for flying back to the launch site giving an all azimuth 
launch capability. The structural design of the booster is similar to the orbiter 
but somewhat simpler because no payload bay discontinuity is present. 
The thermal protection consists of only hardened compacted fibers over the 
high temperature regions of the fuselage and aerodynamic surfaces. 
3.3.3 Structural Design - Orbiter/Booster structures are described in this 
section. Weight optimization was primary in design conception and choice of 
materials. 
Shuttle group. The basic design philosophy included the following: 
1972, "State-of-the-Art" technology, the employment of conventional design concepts, 
and the utilization of elements of structure in multiple functions. 
Criteria and design loads generated were coordinated with the NASA-MSC 
Fiscal year 
3.3.3.1 Orbiter Structure - Primary structures are shown in Figures 3-71 and 
Basic body bending/shear structure is made up of upper longerons adjacent 3-72. 
to the payload compartment and the propellant tank structures below the payload 
joined by fuselage side skin panels. Two integrally stiffened cylindrical tank 
shells are joined at a common keel web in a "double bubble" arrangement. 
panels are single skin, stiffened by corrugations. 
are the upper surface of the fuselage. 
compatibility with propellants and protected by moldline Thermal Protection System 
(TPS) shingles. 
the TPS, upper side panels and longerons. 
conductance to the tanks. 
and also are titanium for good strength/weight ratio at elevated temperatures. 
Side 
These panels and payload doors 
Tank shell structure is aluminum for 
Shell stiffening frames spaced at 20 inch intervals also support 
Frames are titanium to minimize heat 
The upper structures are warm during launch and entry, 
The forward fuselage structural shell is titanium single skin stiffened by 
corrugations and frames, and forms the M.L. except where non-structural surfaces 
exist, such as engine and nose landing gear doors. Intercostals and frames are 
transition structures between the forward fuselage and the propellant tank. 
Surface TPS is radiation cooled. Insulation (silica HCF) is bonded directly 
to the forward fuselage shell surface aft to the propellant tanks. In the main 
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body area twenty inch long HCF s h i n g l e  pane ls  form the bottom and the s i d e s  up 
t o  approximately s i x  f e e t  above t h e  ch ine  l i n e s .  
panels  form t h e  s u r f a c e  between t h e  HCF s h i n g l e s  and fuse l age  s t r u c t u r a l  s i d e  sk ins .  
HCF is bonded t o  f i b e r g l a s s  honeycomb panels  which d i s t r i b u t e  s u r f a c e  p re s su re  
loads  t o  s m a l l  lateral s h i n g l e  support  beams. 
s h e l l  s t i f f e n i n g  frames by t i t an ium l i n k s  spaced a t  approximately 24 inches  across  
S ing le  th ickness  beaded t i t an ium 
The beams are a t tached  t o  t h e  tank  
t h e  fuse lage .  Removable P i  shaped elements a t tached  t o  t h e  
and provide a gap f o r  thermal  expansion. 
Boost engines  are supported by a t r i p o d  arrangement of 
f o r  each engine. Linkage loads are t r a n s f e r r e d  t o  t h e  k e e l  
frames at s t a t i o n s  1635 and 1717. The frames a l s o  s e r v e  as 
f o r  v e r t i c a l  and h o r i z o n t a l  t a i l s .  
Jet engines  are supported on l o n g i t u d i n a l  i n t e r c o s t a l s  
beams retain the s h i n g l e s  
l i nkage  t h r u s t  s t ruc  t ur  es 
web, upper longerons and 
main support  elements 
a t tached  t o  t h e  forward 
fuse l age  s h e l l  and by bulkheads a t  s t a t i o n s  320, 362, and 400. The bulkheads a l s o  
se rve  as primary s t r u c t u r e s  suppor t ing  cabin p r e s s u r i z a t i o n  and nose gear loads .  
The wing i s  a t tached  t o  t h e  fuse lage  a t  t h r e e  major frames i n  t h e  p lane  of 
wing spa r s  a t  s t a t i o n s  391, 972, and 1024, and t o  t h e  k e e l  web i n  t h e  p lane  of 
t h e  wing C r i b ,  Normal wing loads and symmetrical wing torque  are supported a t  
t h e  frames and drag  loads are supported at t h e  k e e l  web. 
L 
3.3.3.2 Booster S t r u c t u r e  - The boos ter  fuse lage  as shown i n  Figure 3-73 i s  
similar i n  concept t o  t h e  o r b i t e r  fuselage.  
aluminum body s t r u c t u r e  and c a r r y  o v e r a l l  v e h i c l e  loads as w e l l  as i n t e r n a l  
pressures .  The forward fuse l age  primary s t r u c t u r e  is the  o u t e r  s h e l l  which c o n s i s t s  
of s t i f f e n e d  t i t an ium s k i n s  and frames, p ro t ec t ed  from ascent  and r e e n t r y  h e a t i n g  
wi th  external HCF similar t o  t h e  arrangement on t h e  o r b i t e r  forward fuse lage .  
The main p rope l l an t  tanks are " i n t e g r a l "  
Transfer  of o v e r a l l  body loads  from t h e  ou te r  s h e l l  of t h e  forward fuse l age  
t o  t h e  main p rope l l an t  tanks u t i l i z e s  i n t e r c o s t a l s  and frames a t  s t a t i o n s  566 and 
790. 
t h r u s t  and tie-down s t r u c t u r e s .  
of t h e  o r b i t e r  c o n s i s t s  of sh ing le s  supported on beams and l i n k s  t o  s t i f f e n i n g  
r i n g s  on t h e  primary body s t r u c t u r e .  
P rope l l an t  tanks become t h e  primary s t r u c t u r e  from t h i s  po in t  a f t  t o  t h e  
The thermal p r o t e c t i o n  system, s i m i l a r  t o  t h a t  
The boos ter  t h r u s t  s t r u c t u r e  i s  a c o n i c a l  s h e l l  ex tens ion  of t h e  a f t  end of 
t h e  H2 tank. 
c o n i c a l  s h e l l  and two major r i n g s .  
con ica l  s h e l l  and two major r i n g s .  
on beams which a t t a c h  t o  the s h e l l .  
Seven of t h e  t e n  engines  mount on i n t e r c o s t a l s  a t tached  t o  t h e  
Three engines  i n t e r c o s t a l s  a t tached  t o  t h e  
Three engines  c e n t r a l  t o  t h e  s h e l l  are mounted 
The v e h i c l e  is  supported on t h e  pad i n  launch 
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a t t i t u d e  a t  s i x  hard p o i n t s  i n  t h e  t h r u s t  cone stiructu*ep 
are t ransmi t ted  t o  t h e  t h r u s t  cone 
similar t o  t h e  engine mounting i n t e r c o s t a l s .  
The hard po in t  loads  
s t r u c t u r e  by i n t e r c o s t a l s  arranged i n  a manner 
Major r i n g s  i n  t h e  t h r u s t  cone a l s o  d i s t r i b u t e  vertical  and h o r i z o n t a l  t a i l  
loads t o  t h e  body s t r u c t u f e  ( t h r u s t  cone). 
The concept of s u r f a c e  TPS is similar t o  t h a t  f o r  t h e  o r b i t e r  except t h a t  
sh ing le s  cover t h e  e n t i r e  main body area f o r  tank  p ro tec t ion .  Temperatures are 
lower than f o r  t h e  o r b i t e r  such t h a t  HCF sh ing le s  are l imi t ed  t o  t h e  bottom and 
s i d e  regions wi th in  approximately fou r  f e e t  of t h e  ch ine  l i n e s .  
areas are covered by t h e  l igh tweight  s i n g l e  th ickness  beaded t i t an ium panels  over 
t h e  s i d e s  and Qop and a smooth t i t an ium s i n g l e  sk in ,  s t i f f e n e d  by i n t e r n a l  
cor ruga t ions  on the  bottom c e n t e r  of t h e  fuselage.  
3 . 3 . 3 . 3  Wing S t ruc tu res  - The o r b i t e r ,  as shown i n  Figure 3-74 ,  and boos te r  
The remaining 
wings are similar i n  concept. 
The primary two c e l l  wing box i s  made of 6A1-4V t i tan ium wi th  i n t e g r a l l y  
s t i f f e n e d  s k i n s  of convent ional  arrangement. The main box i s  pro tec ted  from 
reen t ry  hea t ing  by e x t e r n a l  i n s u l a t i o n  (HCF) bonded t o  t h e  lower sur face .  The 
th ickness  of t h e  HCF is es t ab l i shed  t o  not  exceed a bond l i n e  temperature of 
500OF. 
and t h e r e f o r e  i s  not  i n su la t ed .  The o r b i t e r  wing leading  edge (L.E.) is  cons t ruc ted  
of carbon/carbon composite honeycomb sandwich material t h a t  s e rves  as s t r u c t u r e  and 
r equ i r e s  no a d d i t i o n a l  TPS. The t i t an ium s t r u c t u r a l  box i s  in su la t ed  from L.E. 
r a d i a t i v e  hea t  by a l a y e r  of HCF on t h e  f r o n t  spar .  
experiences lower temperatures,  r e l a t i v e l y ,  and i s  a t i tan ium s t r u c t u r e  wi th  
e x t e r n a l  i n s u l a t i o n  (HCF) . 
The upper wing su r face  experiences temperatures of less than  800°F, 
The Booster wing leading  edge 
3 . 3 . 4  Thermal P ro tec t ion  System - Heat p r o t e c t i o n  may be  concentrated on t h e  
The base- lower fusePage su r faces  f o r  v e h i c l e s  en te r ing  a t  h igh  angles  of attack. 
l i n e  e n t r y  angle  of a t t a c k  is  60'. 
a t t i t u d e .  The hea t ing  t i m e  is  extremely b r i e f ,  t he re fo re ,  t h e  t o t a l  hea t  i s  
r e l a t i v e l y  s m a l l  and t h e  r e s u l t i n g  TPS weight is  reduced. Severe hea t ing  i s  
experienced only on t h e  bottom of t h e  vehic le .  
cool  enough So t h a t  t i t an ium metal may be  used wi th  a minimum of TPS weight. 
A t  t h i s  high angle  of a t t a c k  f o r  l i g h t l y  loaded (low z) v e h i c l e s ,  ve ry  l i t t l e  
There are s e v e r a l  advantages f o r  t h i s  e n t r y  
The v e h i c l e  s i d e s  and tops  are 
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reduce t h e  thermal  p r o t e c t i o n  weight. The disadvantage of a high ang le  of a t t a c k  
i s  t h a t  t h e  la teral  (or  c r o s s )  range is q u i t e  r e s t r i c t e d .  
3.3.4.1 O r b i t e r  TPS - A d e s c r i p t i o n  of t h e  o r b i t e r  TPS f o r  e n t r y  a t  60" i s  
i l l u s t r a t e d  i n  F igure  3-75. 
and wing leading  edge reg ions  where temperatures exceed 2500°F. 
t h e  upper f u s e l a g e  su r face ,  upper t a i l ,  and upper wing areas are p ro tec t ed  wi th  
t i t an ium s k i n  because t h e  temperatures  are below 800°F. 
(HCF) i n s u l a t i o n  made of s i l i ca  and bonded t o  honeycomb sandwich panels  i s  used 
t o  p r o t e c t  t h e  lower fuse l age  area. 
forward reg ions  of t h e  fuse lage ,  HCF is bonded d i r e c t l y  t o  t h e  t i t an ium sk in .  
Where HCF i s  bonded d i r e c t l y  t o  t i t an ium,  t h e  metal s k i n  i s  s t r u c t u r a l ,  and i s  
not  considered p a r t  of t h e  TPS weight. 
Pyro l ized  carbon laminate  i s  used on t h e  nose cap 
The ma jo r i ty  of 
Hardened compacted f i b e r  
On t h e  lower wing and t a i l  areas, and on t h e  
A d e t a i l  of t h e  TPS on t h e  bottom of t h e  fuse l age  and t h e  lower s i d e  r eg ions  
of t h e  fuse l age  is  ind ica t ed  i n  Figure 3-76. A s i l i c a  HCF material i s  used wi th  a 
1 5  pcf dens i ty .  
increased  r e s i s t a n c e  t o  r a i n  e ros ion  and se rv ic ing  damage. 
emit tance coa t ing  of c o b a l t  oxide. 
adhesive t o  a f i b e r g l a s s  honeykomb sandwich. 
t o  500°F i n  t h i s  des ign  t o  o b t a i n  the  maximum reuse  c a p a b i l i t y .  
sandwich panels  are a t t ached  t o  t h e  cryogenic tank r i n g s  wi th  t i t an ium s t r u c t u r a l  
l i n k s .  
e x t e r i o r  panel  and t h e  cryogenic  tank r ings .  
b lanket  of TG 15000 i s  supported ac ross  t h e  tops  of t h e  cryogenic  tank  r i n g s  t o  
form a relaunch purge space between the  tank w a l l  and t h e  i n s u l a t i o n  b lanket .  
Holes i n  t h e  tank  r i n g s  permit  the purge gas f low t o  pass  from one r i n g  s e c t i o n  
t o  the  next .  
t h e  tank  w a l l .  
This  HCF has  a s i l i c a  c l o t h  f a c i n g  t h a t  is  used t o  provide 
This  f ac ing  has  a h igh  
The o u t e r  l a y e r  of HCF is  bonded wi th  a f i l m  
Adhesive tempera tures  are l i m i t e d  
The honeycomb 
These t i t an ium l i n k s  are designed t o  minimize t h e  h e a t  s h o r t  between t h e  
A low d e n s i t y  f i b r o u s  i n s u l a t i o n  
On t h e  i n s i d e  of t h e  hydrogen tank  a polyurethane foam i s  bonded t o  
The cryogenic  foam and t h e  purge flow space are b e t t e r  i l l u s t r a t e d  i n  
F igure  3-77. The s o f t  i n s u l a t i o n  b l anke t  (TG 15000) forms t h e  o u t e r  w a l l  f o r  t h e  
purge base;  t h e  cryogenic  tank  forms t h e  inne r  w a l l  f o r  t h e  purge space. 
uniform purge space  has  s e v e r a l  advantages.  
of purge gas (using dry  n i t rogen)  from becoming so  cold t h a t  t h e  purge gas  i t s e l f  
t u r n s  t o  a l i q u i d  o r  f r o s t .  
cryogenic  foam f o r  a s p e c i f i c  lower l i m i t  on purge gas  temperature.  
A 
It prevents  l o c a l l y  s t a rved  reg ions  
Use of a uniform purge space a l s o  permits  th fnner  
The i n s u l a t i o n  
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CONCEPT “M” 
BASELINE TPS DESCRIPTION 
( a=6O0Entry Trajectory) 
MATERIAL CODE NGINE ACCESS DOORS 
1111 PYROLIZED CARBON 
LAM 1 N AT E; OX ID AT I ON 
iNHlBlTED (OVER 250OOF) 
(UP TO 250OOF) 
HARDENEDCOMPACTED 
FIBROUS INSULATION 
BONDED TO HONEYCOMB 
SANDWICH 
BONDED TO TITANIUM 
SKIN 
(UP TO 800°F) 
OVER INSULATION 
BLANKETS 
KQ HCF - INSULATION 
fEZi HCF -INSULATION 
0 TITANIUM SKIN 
FIGURE 3-75 
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CONCEPT "M" 
TPS DETAIL - LOWER FUSELAGE 
-427OF LH2 (LAUNCH ONLY) 
CRYOGENIC TANK WALL 
3 PCF FIBROUS INSULATION 
BLANKET (TG-15000) 
BY Ti: LINKS 
DETAIL- 
FIBERGLASS HONEYCOMB SANDWICH 
ADHESIVE BOND 1-1 
SILICA HCF (LI-15) 
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TPS DETAIL - CROSS SECTION 
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smaller i n  area than i f  t h e  b lanket  
d e t a i l s  of t h e  foam used i n s i d e  t h e  
l i q u i d  hydrogen tank are i l l u s t r a t e d  on t h e  r i g h t  of Figure 3-77. 
r e in fo rced  polyurethane foam i s  bonded t o  t h e  i n s i d e  of t h e  hydrogen tank  w a l l .  
The foam i s  covered wi th  a scrim c l o t h  l i n e r  and two wipe c o a t s  of sealer. This  
i n s u l a t i o n  is b a s i c a l l y  t h e  same concept c u r r e n t l y  used on t h e  Sa turn  SIV-B launch 
veh ic l e s .  The i n s u l a t i o n  des ign  al lows hydrogen gas  t o  permeate i n t o  t h e  foam bu t  
prevents  l i q u i d  hydrogen from e n t e r i n g  the  i n s u l a t i o n  and causing a h e a t  leak .  
A ha l f  inch  of t h i s  i n s u l a t i o n  is considered adequate  and has  a u n i t  weight of 
0.395 l b s  p e r  sq  f t .  
A 3-D f i b e r  
The approach s e l e c t e d  f o r  areas where t h e  temperatures  exceed 2500'F as on 
wing leading  edge is a r ep laceab le  carbon s l i p p e r  concept. I n h i b i t e d  carbon w i l l  
ox id i ze  where t h e  temperatures  exceed 2500°F. 
ox ida t ion  may change the  aerodynamic c h a r a c t e r i s t i c s  of t h e  wing which are important  
f o r  subsonic  c r u i s e  f l i g h t .  The r ep laceab le  s l i p p e r  l ead ing  edge c o n s t r u c t i o n  
permi ts  a r e l a t i v e l y  inexpensive p a r t  t o  be designed t h a t  can  be rep laced  when 
necessary.  
s t r u c t u r e  i n  t h e  lead ing  edge t h a t  i s  good f o r  100 f l i g h t s  provided t h e  s u r f a c e  of 
t h e  carbon/carbon never exceeds 2500'F. 
e x t e r n a l  s u r f a c e  approximately 3/10 of an  inch t h i c k  t h a t  i s  backed by z i r c o n i a  
i n s u l a t i o n  and a t t ached  a t  l o c a l  s p o t s  t o  che honeycomb sandwich. These attachment 
p o i n t s  are i n s u l a t e d  wi th  z i r c o n i a  plugs. 
areas where temperatures  above 2500°F are expected. 
Af t e r  several e n t r y  f l i g h t s  t h i s  
Behind t h e  i n h i b i t e d  carbon s l i p p e r  is  a ca rbodca rbon  honeycomb 
The s l i p p e r  c o n s i s t s  of a c a r b o d c a r b o n  
The s l i p p e r  i s  considered only i n  those  
3.3.4.2 Booster TPS - Two ver s ions  of a thermal p r o t e c t i o n  system are 
i l l u s t r a t e d  f o r  t h e  boos te r .  F igure  3-78 i l l u s t r a t e s  t h e  b a s e l i n e  TPS. The 
ma jo r i ty  of t h e  area i s  below 800°F and i s  p ro tec t ed  by t i t an ium s k i n  over  
i n s u l a t i o n  b lankets .  Those areas on t h e  lower wing, h o r i z o n t a l  t a i l ,  and t h e  
forward areas of t h e  fuse l age  t h a t  exceeds 800 n F are pro tec ted  by t h e  hardened 
compacted f i b e r  i n s u l a t i o n .  
30,130 l b s .  This  weight inc ludes  t i t an ium sh ing le s ,  HCF, i n s u l a t i o n  b l anke t s ,  
cyrogenic  foam i n s i d e  t h e  hydrogen tank,  and base  h e a t  p ro t ec t ion .  
bonded d i r e c t l y  t o  t i t an ium that serves as s t r u c t u r a l  s k i n  t h e  t i t an ium is  n o t  
included i n  t h e  TPS weight.) 
a l l  metals. The ma jo r i ty  of t h e  area is  t i tanium. Those areas above 800' are 
p ro tec t ed  by Rene except  f o r  t he  nose cap and t h e  wing l ead ing  edges where t h e  
temperature exceeds 1600'F, and t h e  columbium is  used. 
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(UP TO 800OF) 
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BLANKETS 
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3.3.5 Propuls ion Systems - The propuls ion systems r equ i r ed  
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on t h e  boos te r  and 
o r b i t e r  mission include: (1) a boos t  propuls ion,  (2) a t t i t u d e  con t ro l ,  and 
(3) c r u i s e  propuls ion f o r  both t h e  booster  and o r b i t e r ;  and a n  o r b i t  maneuvering 
system f o r  t h e  o r b i t e r .  
3.3.5.1 Boost Propuls ion - The boost  engines were s i z e d  accounting f o r  t h e  
AV l o s s e s  during boost ,  engine ou t  c a p a b i l i t y ,  base area c o n t r i b u t i o n  t o  performance, 
and commonality of engines between t h e  boos te r  and o r b i t e r .  
p r e s s u r e  b e l l  nozzle  type engines were s e l e c t e d  f o r  t h e  boos te r ,  and two (2) f o r  
t h e  o r b i t e r .  A l l  boost  engines are t h r o t t l e a b l e .  The engines are designed f o r  
100 mission l i f e  w i t h  a 10  hour l i f e  between overhaul. 
Ten (10) high chamber 
Figure 3-79 shows t h e  boos te r  engine f eed  system geometry. 
run from t h e  o x i d i z e r  tank wi th  each l i n e  s p l i t t i n g  i n t o  two 10" d i a .  l i n e s .  
l i n e  d i v i s i o n  is  pos i t i oned  such t h a t  a vapor bubble generated by an engine s h u t  
down w i l l  not  be  inges t ed  by another  engine. 
immediately downstream of t h e  l i n e  d iv i s ion .  The ten r e s u l t i n g  l%as are then 
routed t o  each boost  engine as shown. Di f fuse r s  are used t o  t r a n s i t i o n  smoothly 
from t h e  10" d i a .  l i n e s  t o  t h e  r equ i r ed  14" d i a .  engine supply. Pressure/volume 
compensators and gimbal bellows assemblies are used immediately upstream of t h e  
engines. The o x i d i z e r  tank inco rpora t e s  ant i -vortex and s l o s h  b a f f l e s .  
Five 14" d i a .  l i n e s  
The 
Engine i s o l a t i o n  valves are loca ted  
The hydrogen feed system is  gene ra l ly  s imilar ,  except t h a t  due t o  t h e  relative 
c l o s e  coupling of t h e  hydrogen tank and t h e  engines,  t h e  hydrogen l i n e s  are 
i n i t i a l l y  f ed  from a compartmented sump. 
t h e  sump o u t l e t s .  
vo r t ex  b a f f l e  assembly and s l o s h  b a f f l e s .  
vo r t ex  tank b a f f l e  are configured s o  t h a t  any vapor bubble generated by a n  engine 
shutdown can n o t  be  inges t ed  by another  engine. S ing le  p o i n t  f i l l / d r a i n  v e h i c l e /  
AGE i n t e r f a c e s  are used f o r  each p rope l l an t .  
are ground supplied.  
p r e s s u r i z e  t h e  hydrogen and oxygen tanks r e spec t ive ly .  
t h e  o r b i t e r  is  similar and i s  schematical ly  shown by Figure 3-80. 
Engine shutoff  valves are loca ted  a t  
The hydrogen tank a l s o  inco rpora t e s  a multi-cruciform a n t i -  
The compartmented sump and t h e  a n t i -  
I n i t i a l  helium engine requirements 
Upon engine s t a r t -up ,  bleed GH2 and bleed GOX are used t o  
The boost  f eed  system f o r  
3.3.5.2 O r b i t e r  Maneuvering and A t t i t u d e  Control  Systems - On-orbit maneuver- 
i ng  and a t t i t u d e  c o n t r o l  requirements are d i c t a t e d  by t h e  nominal AV budget and t h e  
r equ i r ed  t r a n s l a t i o n a l  and angu la r  a c c e l e r a t i o n  response c h a r a c t e r i s t i c s .  
i n i t i a l  c i r c u l a r i z a t i o n ,  o r b i t  t r a n s f e r  and r e t r o  are performed by t h e  o r b i t  
maneuvering system. 
The 
Gross a t t i t u d e  c o n t r o l  during t h e s e  burns i s  provided by 
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gimballing t h e  engines. 
maneuvers are performed by t h e  RCS. 
A l l  o t h e r  o r b i t a l  and e n t r y  t r a n s l a t i o n a l  and a t t i t u d e  
The l a r g e  o r b i t a l  maneuvers may b e  s a t i s f i e d  by us ing  one o r  both of t h e  
o r b i t e r  boost  engines,  a t  reduced t h r u s t  l e v e l ,  o r  by adding an a d d i t i o n a l  engine 
system, e.g. two a d d i t i o n a l  RL-10 engines.  A t r a d e  s tudy comparing t h e  weight of 
p o s s i b l e  a l t e r n a t i v e s  was  made. The l i g h t e s t  maneuver system i s  obtained wi th  
e i t h e r  t h e  u s e  of an advanced des ign  high P c  b e l l  nozzle  engine ope ra t ing  i n  a 
p r e s s u r e  f ed  mode a t  1% t h r u s t ,  o r  t h e  u s e  of two a d d i t i o n a l  RL-10 engines. 
advanced des ign  p r e s s u r e  f e d  concept has  been based on t h e  performance p o t e n t i a l l y  
achievable  i f  an engine des ign  could be  developed f o r  optimum performance a t  bo th  
100% and 1% t h r u s t  levels. 
es t imated t o  be  approximately 30 seconds lower i n  I s p ,  which causes t h e  p re s su re  
f e d  system t o  b e  2000 pounds heav ie r  than t h e  RL-10 i n s t a l l a t i o n .  
advanced design p res su re  f e d  and t h e  RL-10 concepts are e s s e n t i a l l y  equal  i n  weight, 
t h e  p re s su re  f e d  concept w a s  s e l e c t e d  f o r  t h e  b a s e l i n e  des ign  t o  avoid t h e  
i n s t a l l a t i o n  of a d d i t i o n a l  engines.  Figure 3-81 schematical ly  shows t h e  gene ra l  
The 
The c u r r e n t  des ign  high Pc engine performance i s  
Since t h e  
arrangement of t h e  p re s su re  f e d  mode o r b i t  maneuvering system, 
p r o p e l l a n t  i s  drawn from s e p a r a t e  cryogenic s t o r a g e  tanks loca ted  i n  t h e  a f t  
s e c t i o n  of t h e  o r b i t e r .  
Note t h a t  t h e  
The number of RCS engines and t h e  engine t h r u s t  levels may, f o r  a t t i t u d e  
c o n t r o l ,  be he ld  t o  a minimum by u t i l i z i n g  a combination of wing mounted and 
fuse l age  mounted engines as shown i n  Figure 3-82. 
a l s o  used f o r  p i t c h  and yaw a t t i t u d e  c o n t r o l ,  wi th r o l l  c o n t r o l  provided by 
a d d i t i o n a l  wing mounted engines.  
b u t  would r e q u i r e  a d d i t i o n a l  engines o r  h ighe r  t h r u s t  levels t o  s a t i s f y  t h e  yaw and 
r o l l  requirements. 
3 . 3 . 5 . 3  
The t r a n s l a t i o n  engines are 
Arrangements without  wing mounting were considered 
Cru i se  Propuls ion - A subsonic c r u i s e  propuls ion subsystem i s  
incorporated on both t h e  boos te r  and t h e  o r b i t e r  t o  provide t h e  c a p a b i l i t y  of 
(1) c r u i s e  back t o  t h e  landing s i te  (booster  and o r b i t e r ) ,  (2) go-around a t  t h e  
landing s i te ,  and (3) cross-country f e r ry ing .  I n  a d d i t i o n ,  t h e  s tudy  requirements 
were t h a t  only off-the-shelf  engines using convent ional  J P  f u e l  were t o  be  
considered i n  d e t a i l .  
The b a s e l i n e  o r b i t e r  c r u i s e  propuls ion i n s t a l l a t i o n  can be  seen  i n  Figure 3-83. 
I n  t h i s  conf igu ra t ion  fou r  ( 4 )  JT8D-9 tu rbofan  engines are mounted w i t h i n  t h e  
3-1 47 
NICDONNELL DOUGLAS ASTRONAUTICS 
FdLLOW ON 
STUDY 
REPORT MDC E0109 
2 MARCH 1970 
Optimized Cost/Performance Design Methodology 
CONCEPT “M” 
ORBIT MANEUVER FEED SYSTEM 



































LH2 FILL/ I 
I 
FIGURE 3-81 3-1 48 
WCDONNELL DOUGLAS ASIRONAUT8CS 
FOLLOW ON B 
STUDY 
REPORT MDC E0109 
2MARCH 1970 
Optimized Cost/Performance Design Methodology 
CONCEPT “M” 
RCS ENGINE ARRANGEMENT 
ORBITER - (13) 8000 bB ENGINES 
(4) 1600 LB ENGINES 
(4) 1600 L 5  ENGINES 
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INBOARD PROFILE - ORBITER 
ENVIRONMENTAL CONTROL SYS. 
TRACK. TELEM 
& COMM.EQUIP. 
PAYLOAD INTERFA E 
GIMBALLED ROCKET ENGINES 7 
ON ORBIT TANKAGE 
RCS ECS & EPS TANKAG 
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forward fuselage.  The JP f u e l  is  stowed i n  wing tankage. Doors are i n s t a l l e d  i n  
each of t h e  fou r  engines i n l e t  duc t s  t o  p r o t e c t  t h e  engines  from boost and en t ry  
heat ing.  The engine duct  l o s s e s  w e r e  es t imated t o  be  5%. 
The engine exhaust duc t s  are can ted  20' t o  t h e  v e h i c l e  ax i s .  The cos ine  
l o s s e s  were considered but  exhaust scrubbing l o s s e s  on t h e  s i d e  of che v e h i c l e  
were not  evaluated.  
of n o i s e  and v i b r a t i o n  induced on the  s i d e s  of t he  o r b i t e r  should b e  accomplished 
i n  f u t u r e  s tud ie s .  
A d e t a i l e d  s tudy of t h e  e f f e c t i v e  t h r u s t  l o s s  and t h e  e f f e c t s  
Unlike t h e  o r b i t e r ,  t h e  boos te r  has a long range c r u i s e  back requirement. 
For t h i s  reason a s i g n i f i c a n t  po r t ion  of t h e  system weight is f u e l  and t h e  
opera t ing  du ra t ion  of t h e  engine w i l l  be hours in s t ead  of minutes. Thus t h e  
engine s e l e c t i o n  f o r  t h e  boos te r  should have t h e  c h a r a c t e r i s t i c s  of low s p e c i f i c  
f u e l  consumption ra te  and s i g n i f i c a n t  opera t ing  l i f e .  The b a s e l i n e  conf igu ra t ion  
uses  s i x  (6) JT3D-7 turbofan engines mounted i n  t h e  forward fuse l age  as shown i n  
Figure 3-84. 
3.3.6 Weight Analysis  - Concept "M" weight summaries f o r  payload c a p a b i l i t i e s  
of 12,500 (9 x 34 f t ) ,  25,000 (15 x 60 f t )  and 50,000 (15 x 60 f t )  l b  are presented 
i n  Tables 3-15 and 3-16. The d a t a  presented f o r  t h e  12,500 and 25,000 l b  payloads 
is  based on t h e  conf igura t ion  and weight information given i n  Reference 3. 
I n  the  case of t h e  50,000 l b  payload conf igu ra t ion  weights were generated by 
s c a l i n g  t h e  v e h i c l e s  and subsystems of t h e  25,000 l b  payload conf igura t ion .  
both Concept "L" and "S" payload d e n s i t i e s  were maintained a t  a cons tan t  4.7 l b s /  
cu.f t .  ac ross  t h e  payload range. However, i n  Concept "M" payload d e n s i t i e s  were 
5.6 lb s / cu . f t .  f o r  t h e  12,500 l b  payload case, 2.4 lb / cu . f t .  f o r  t h e  25,000 payload 
case, and 4.7 l b s / cu . f t .  f o r  t h e  50,000 l b  payload conf igura t ion .  
I n  
A s  i n  t h e  case of Concept "L" boost engine t h r u s t  s t r u c t u r e  and hydrogen tank  
i n s u l a t i o n  weights were removed from t h e  body s t r u c t u r e  and added t o  t h e  main 
propuls ion system. 
General d e f i n i t i o n  of t h e  concept i n  terms of i t s  geometric c h a r a c t e r i s t i c s ,  
material breakdown and component d e s c r i p t i o n  of va r ious  subsystems can be  found i n  
Table 3-16. 
The weight s ta tement  given f o r  t h e  12,500 pound payload case is  considered 
t o  be  h ighly  op t imis t i c .  
s tudy and is not  considered e n t i r e l y  va l id .  
This  conf igura t ion  w a s  generated e a r l y  i n  t h e  NASA-MSC 
I f  several adjustments  are made 
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TABLE 3-15 
CONCEPT “M” - ORBITER AND BOOSTER WEIGHT SUMMARY 
SUBSYSTEM ’COMPONENT ILB)  
BODY STRUCTURE 
INTEGRAL TANK 
REMAINING BODY STRUCTURE 
THERMAL PROTECTION SYSTEM 
BODY 
AERO SURFACES 
BASE HEAT SHIELD 
WING 
HORIZONTAL T A I L  
VERTICAL T A I L  
AERO SURFACES 
LANDING GEAR 
MAIN PROPULSION SYSTEM 
ENGINES 
GIMBALS 




ORBIT MANEUVER SYSTEM 
ENGINES 
TANK 
LINES, VALVES. ETC. 
ENGINES 
TANK 
















ATTITUDE CONTROL SYSTEM 
PRIME POWER SYSTEM 
REACTANTS 
TANKS, LINES. VALVES 
GUIDANCE AND NAVIGATION 
TELECOMMUNICATIONS 
CENTRALMANAGEMENT COMPUTER 





GAS MANAGEMENT AND PROCESSING 
GAS SUPPLY AN0 CONTROLS 
HEAT TRANSPORT 
CREW WATER SUPPLY 
HYDRAULIC SYSTEM COOLING 
AIR CYCLE 
COOLANTLOOP 






USABLE - BOOST 
ON-ORBIT MANEUVER 




ENVIRONMENTAL CONTROL SYSTEM 
02 SUPPLY 
CREW AND FURNISHINGS 
ACS PROPELLANT 
PAYLOAD 
STAGE LIFT-OFF WEIGHT 
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TABLE 3-16 
CONCEPT "M" - GEOMETRICAL, MATERIAL AND SYSTEM DESCRIPTION DATA 
LENGTH - FT 
PAYLOAD CYLINDER OIMLNSIONS - FT 
ARFAS - SO F l  
BODY t ~ E l I t O  AREA - 0 M L  
FMPENNA(,E IIETTCO AREA 
VERTICAL I A l L  
HORIZONTAL I A l L  
#IN6 #ETTEO AREA 
DOUR ARE A 
V!JLUVF CU F I  
RODY GVL 




Tt'L - RFICHT L A 5  AffEA,SQ F T ,  
HCF 
ADHESIVE 
1 I TAN IUI 
P C  P A N U  AN0 TITANIUM BACKUP 
PMROQUARTZ 
A E R O  WRFACES 
HI F 
40HF!IVE 
AERO SURtALES - W I G H T  l L B l  
I I N L  
TITANIUM 
CARBON.CARBON (LEADING t OCEI 
HORIZONTAL TAIL 
TITANIUM 
CARBON CARBON<LFAOING EDGE1 
TITANIUM 
CARBON CARBON ILEADING EDGE1 
VAIN PtiUPUL5ION 
VERTICAL 




ALUMINUM - WEIGHT ( L E I  
POLYUPETHANE F O A ~ W L I G H T I L B S '  AREA I SQ'FTi 
TITANIUM - WEIGHT (LEI 
TYPE 
NUMBER 
THRUST PER ENGINE - I L B ~  
PROPEL1 ANT TYPE 
TANK 
ORBIT MANEUVER SYSTEM 
ALUMINUM - I E I G H T  ILBI 
VOLUMt - LU FT 
PROPELLANT TYPE 
l I T l T U O F  CONTROL SYSTEM 
TANK 
ALUBINUM -WEIGHT l L B l  
VOLUME - CU F T  
f NGlNF DESCRIPTION 
TYPE 
NUMBER THRUST P t R  E N G I N t - L f l l l A C i  
NUMBtRTHRUST PER ENGINE-LBVACI 
PROPELLANr TYPF 
TANK - BLADDER TYPE 




THRUST PER ENGINE - L R  ( S L 5  
FUEL T Y P f  
BATTEPIES I Ago-7PI 
L A W N G  ASSIST 
PRIME POlNER S Y S l F M  
ENERGY P f R  RATTEPY - KWH 
WFPBER 
f UEL CELL 
PDKFPOdTPUT PCR FUEL CFLL -KW 
NUMBER 
NUWBl R 
AUXILIAPY POKER UNIT 
ENVIRONMENTAL CONTROL SYSTLM 
NllSSlON OllRATlCN D4Y5 
NUMBEP OF r R i 4  
Y I K  
ORBITER 
148 
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relative t o  c e r t a i n  components as i n d i c a t e d  below, t h e  o v e r a l l  e f f e c t  would i n c r e a s e  
t h e  d ry  weight of t h e  o r b i t e r  by 24%, i n c r e a s e  t h e  d r y  weight of t h e  boos te r  by 
31% and i n c r e a s e  t h e  t o t a l  g ros s  launch weight by 30%. 
Booster 
Booster 
O r b i t e r  
O r b i t e r  
O r b i t e r  
I t e m  Ref. Design Proposed 
Adjustments 
Body S t r u c t u r e  Unit W t .  - psf 2.3 3.0 
1,000 2 $210 Horizontal  T a i l  Area - f t  
Horizontal  T a i l  Area - f t  
31,400 44,900 T o t a l  volume - f t  
payload s i z e  - f t  9 '  d i a .  x 15' d i a .  x 
2 
2 472 820 
3 
35' long 15' long 
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3.4 Subsystem Descript ions - The purpose of t h i s  s e c t i o n  of t h e  r e p o r t  i s  t o  
d e s c r i b e  t h e  f u n c t i o n a l  a s p e c t s  and b a s e l i n e  c h a r a c t e r i s t i c s  of t hose  subsystems 
which are common t o  each s p a c e c r a f t  concept analyzed during t h i s  study. These 
inc lude  Electrical Power, Hydraulic Power and F l i g h t  Controls ,  Environmental 
Control and L i f e  Support and I n t e g r a t e d  Avionics. 
i d e n t i c a l ,  i n  design concept, f o r  each s p a c e c r a f t  con f igu ra t ion ,  t h e r e  were s l i g h t  
d i f f e r e n c e s  due t o  d i f f e r e n c e s  i n  i n d i v i d u a l  s tudy c o n s t r a i n t s .  These d i f f e r e n c e s  
are noted h e r e i n  and are r e f l e c t e d  i n  t h e  weight s t a t emen t s  given i n  Sec t ion  3.1.6. 
Although these  subsystems were 
Review of subsystem requirements f o r  both t h e  o r b i t e r  and boos te r  i n d i c a t e s  
t h a t  a l a r g e  degree of commonality i n  system c h a r a c t e r i s t i c s  is  p r a c t i c a l  as w e l l  
as des i r ab le .  System commonality between s t a g e s  is  d e s i r a b l e  from t h e  s t andpo in t  
of f l i g h t  and ground crew f a m i l i a r i z a t i o n ,  maintenance requirements and l o g i s t i c s  
needs. The varying f a c e t s  of t h e s e  systems are discussed i n  t h e  subsequent 
subsect ions.  
3.4.1 Electrical  Power - The, c h a r a c t e r i s t i c s  of t h e  electrical power subsystems 
f o r  bo th  t h e  boos te r  and t h e  o r b i t e r  are descr ibed i n  t h i s  s e c t i o n .  The energy 
requirements and s e l e c t e d  b a s e l i n e  power sources  f o r  t h e  b a s e l i n e  v e h i c l e s  are as 
fol lows : 
Vehicle Energy Required Selected Power Source 
Booster 21.5 KWH Ago-Zn Batteries 




b a s e l i n e  f o r  t h e  o r b i t e r  load ana lys i s .  
launch through a scen t  and i n i t i a l  docking, 120 hours o r b i t a l  ope ra t ion ,  and 24 
hours f o r  r e t u r n ,  descent  and landing. 
Figure 3-85. 
"S" and "M" and 589.3 KWH f o r  Concept "L". 
4.74 KW f o r  Concepts "S" and "M" and 3.46 KW f o r  Concept "L", wi th  peaks of 6.94 KW 
during rendezvous and docking operat ions.  
bus average power f o r  t h e  v a r i o u s  mission phases. 
Electr ical  Power Requirements - A seven day mission w a s  used as a 
The mission c o n s i s t s  of 26 hours f o r  pre- 
The o r b i t e r  load summary is shown i n  
The t o t a l  energy r equ i r ed  f o r  t h e  mission i s  805.8 KWH f o r  Concepts 
The o v e r a l l  average main bus power i s  
Figure 3-86 shows t h e  v a r i a t i o n  i n  main 
The b a s e l i n e  mission f o r  t h e  boos te r  c o n s i s t s  of 2 hours  f o r  prelaunch, 10  
minutes f o r  l i f t o f f  through j e t  engine start ,  and 2 hours f o r  c r u i s e  through land- 
ing. The boos te r  load summary is shown i n  F igu re  3-87. The boos te r  r e q u i r e s  
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PRELAUNCH 
2 HOURS EQUIPMENT 
I n e r t i a l  Sensors 
Computers 
Fl ight  Control Amplifiers 
3-Axis Rate Gyros 
Communications 
Rendezvous Radar 







Misc. & Losses 
ORBITAL RENDEZVOUS ORBITAL 
ASCENT PHASING & DOCKING OPERATIONS 
1 HOUR 20 HOURS 3 HOURS 120 HOURS 
Total Energy (w-H) 
Average Power (W) 
Total  Energy f o r  7 Day Mi 
ORBITER ELECTRICAL LOAD SUMMARY 












































5 ,291 5,514 5,046 5,443 
ion 805.8 KWH 
Average Power f o r  7 Day Mission 4.74 Kw 
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ORBITAL I RETURN PHASING I 
I 
MISSION TIME IN HOURS 
FIGURE 3-86 
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CRUTSE & 
ASCENT LANDING 
10 MINUTES 2 HOURS 
BOOSTER ELECTRICAL -_ - -  LOAD SUMMARY 
( E l e c t r i c a l  E n e r g y  i n  Watt-Hours) 
1 , 500 125 
2,200 1 183  I n e r t i a l  Sensors  Computers 
F l i g h t  C o n t r o l  Ampl i f ie rs  
3-Axis Rate Gryos 
1,500 
2 , 200 
Communications 





L i g h t i n g  
Misc. & Losses  
9,941 W-HR 
4,970 w 
T o t a l  Energy 
Average Power 
862 W-HR 10 , 743 W-HR 
5,172 W 5,372 W 
T o t a l  Mission Energy 
Average Mission Power 
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Peak Power (During C r u i s e  and Landing) 5.83 KW 
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level  is  5.2 KW, 
w i t h  5.83 KW peaks during c r u i s e  and landing. 
power wi th  r e s p e c t  t o  boos t e r  mission phase i s  shown i n  F igu re  3-88. 
The v a r i a t i o n  of main bus average 
A l l  power q u a n t i t i e s  used i n  t h e  load analyses  were based on a 28 VDC bus. 
Inve r s ion  l o s s e s  were added f o r  equipment ope ra t ing  on AC. 
The electrical power r equ i r ed  f o r  ope ra t ion  of the main propuls ion engines  
This power ( 6 . 2  KVA @ 1 1 5 V  400 Hz has  no t  been included i n  t h e  load  summaries. 
per  engine) w i l l  be  suppl ied by t u r b i n e  d r iven  a u x i l i a r y  power u n i t s  (APU). 
u n i t s  a l s o  provide backup hydrau l i c  power f o r  engine gimbal and prime hydrau l i c  
power f o r  t h e  aerodynamic c o n t r o l  s u r f a c e  p r i o r  t o  t u r b o j e t  operat ion.  
These 
3.4.1.2 Electrical  Power Subsystem (EPS) Basel ine - The b a s e l i n e  electrical  
power subsystem conf igu ra t ions  f o r  t h e  o r b i t e r  and t h e  boos te r  are descr ibed i n  
t h e  following paragraphs. The main power sources  f o r  t h e  o r b i t e r  are H -0 f u e l  
c e l l  modules. For t h e  booster ,  rechargeable  Ago-Zn b a t t e r i e s  are used. Except 
f o r  t h e  power sources ,  t h e  subsystems are e s s e n t i a l l y  i d e n t i c a l  f o r  bo th  t h e  o r b i t e r  
and booster .  
2 2  
Figures  3-89 and 3-90 shows t h e  EPS conf igu ra t ions  f o r  t h e  o r b i t e r  and 
booster ,  r e spec t ive ly .  The design philosophy used i s  an adap ta t ion  of t h a t  used 
i n  t h e  design of commercial a i r c r a f t  such as t h e  DC-9 and t h e  DC-10. The components 
of t h e  EPS ( fo r  both o r b i t e r  and boos te r )  are interconnected t o  form two s e p a r a t e  
power source channels. These prime source channels can be  operated e i t h e r  
independently, o r  i n  p a r a l l e l .  P a r a l l e l i n g  of t h e  DC buses is  accomplished by 
c l o s i n g  t h e  DC bus t i e  r e l a y  No.  3 (DCBTR3), and t h e  AC buses can b e  p a r a l l e l e d  
by c l o s i n g  t h e  AC bus t i e  r e l a y  No. 3 (ACBTR3). 
common clock l o c a t e d  i n  t h e  i n v e r t e r  frequency reference.  This  common clock 
synchronizes t h e  i n v e r t e r s  s o  p a r a l l e l  ope ra t ion  is  poss ib l e .  The i n v e r t e r  
frequency r e fe rence  con ta ins  s u f f i c i e n t  redundancy t o  maintain t h e  d e s i r e d  system 
r e l i a b i l i t y .  
The i n v e r t e r s  are timed by a 
Both t h e  DC and t h e  AC buses are f u r t h e r  divided i n t o  e s s e n t i a l  and non- 
e s s e n t i a l  buses. 
v e h i c l e  s u r v i v a l  is  connected t o  t h e  e s s e n t i a l  buses - a l l  o t h e r  equipment i s  
connected t o  t h e  non-essent ia l  buses. 
Only t h a t  equipment t h a t  is  a b s o l u t e l y  e s s e n t i a l  f o r  crew and 
Although c i r c u i t  p r o t e c t i o n  components are 
n o t  shown, unprotected c i r c u i t s  
s a f e t y  . 
w i l l  be kept t o  an abso lu te  minimum c o n s i s t e n t  w i t h  
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BOOSTER MAIN BUS AVERAGE POWER 
Total Mission Energy: 21.5 KWH 
- -  ASCENT f 0.862 KWH 
PRELAUNCH 
9.941 KWH 
CRUISE & LANDING 
10.743.KWh 
 
1 2 -2 -1 
MISSiON TIME IN HOURS 
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DCBTR - 0 C BUS T I E  RELAY 
ICR - INVERTER CONTROL RELAY 
ACBTR - A.C BUS TIE RELAY 
FCSCR-FUEL CELL STACK CONTROLRELAY 
BCR - BATTERYCONTROLRELAY 
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BOOSTER ELECTRICAL POWER SUBSYSTEM 
ESSENTIAL AC BUS NO. 1 ESSENTIAL AC BUS NO 2 
ACBTRZ 
NON-ESSENTIAL AC BUS NO 2 
( 5 < > 1  
ACBTRl 
NON-ESSENTIAL AC BUS NO. 1 
( 3 ( > )  
BCR - BATTERY CONTROL RELAY 
OCBTR - 0.C BUS TIE RELAY 
ICR -INVERTER CONTROL RELAY 
ACBTR - A.C BUS TIE RELAY 
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O r b i t e r  Power Source - Prime power f o r  t h e  o r b i t e r  is suppl ied by f o u r  
H2-02 mat r ix  t y p e  f u e l  cel l  modules. 
t o t a l  c a p a b i l i t y  of 8-10 KW a t  t h e  buses. A l l  f o u r  f u e l  c e l l  modules are operated 
simultaneously f o r  reactant economy as w e l l  as c o n t i n u i t y  of power i n  the event of 
a module f a i l u r e .  
These serve two purposes, (1) they improve t h e  bus t r a n s i e n t  response c h a r a c t e r i s t i c s  
( the  b a t t e r y  v o l t a g e  i s  s l i g h t l y  below t h e  nominal bus v o l t a g e ) ,  and (2) they w i l l  
provide up t o  two hours power f o r  emergency d e o r b i t ,  e n t r y  and c r u i s e  i n  t h e  event  
of a c a t a s t r o p h i c  f a i l u r e  of t h e  f u e l  c e l l  system. 
Echh module i s  r a t e d  a t  2.0 - 2.5 KW, f o r  a 
The peaking/emergency b a t t e r i e s  are r a t e d  a t  6.0 KWH each. 
The o r b i t e r  power source i s  s i z e d  so  t h a t  a s a f e  r e t u r n  i s  p o s s i b l e  wi th  two 
f u e l  c e l l  modules f a i l e d .  
Figure 3-91 shows t h e  major components f o r  t he  o r b i t e r  EPS (excluding 
mounting p rov i s ions  and r a d i a t o x s ) .  
3.4.1.3 Booster Power Source - Prime power f o r  t h e  boos te r  i s  suppl ied by s i x  
6.0 KWH rechargeable  AgO-Zn b a t t e r i e s ,  f o r  a v a i l a b l e  energy t o t a l i n g  36 KWH. 
b a t t e r y  c o n t r o l  r e l a y s  (PCR) are reverse c u r r e n t  sensing,  as w e l l  as c o n t r o l  r e l a y s ,  
t o  prevent degradat ion of t h e  remaining b a t t e r i e s  i n  t h e  event of a b a t t e r y  f a i l u r e .  
The 
The booster  power source is  s i z e d  s o  t h a t  t h e  mission can be completed wi th  
two b a t t e r y  f a i l u r e s .  
Figure 3-92 shows t h e  major components f o r  t h e  boos te r  EPS (excluding 
mounting p rov i s ions ) .  
3.4.1.4 Alternate  Concepts - During t h e  course of t h e s e  s t u d i e s ,  several 
d i f f e r e n t  power sources  were i n v e s t i g a t e d  f o r  p o t e n t i a l  u se  i n  t h e  space s h u t t l e  
veh ic l e .  These are l i s t e d  i n  Figure 3-93 along with t h e  advantages and disadvantages 
of each candidate.  
A t u r b o a l t e r n a t o r  power source may b e  competi t ive w i t h  b a t t e r i e s  f o r  t h e  
booster ,  due t o  t h e  r e l a t i v e l y  s h o r t  f l i g h t  du ra t ion .  This i s  e s p e c i a l l y  t r u e  i f  
t h e  same tu rb ines  are used t o  d r i v e  hydrau l i c  pumps as w e l l  as a l t e r n a t o r s .  
Further  study i s  required i n  t h i s  area wi th  more complete a n a l y s i s  of t h e  
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CANDIDATE ELECTRICAL POWER SOURCES 
0 SELF CONTAINED 
0 SELF CONTAINED 
H2-02, FUEL CELLS 
TURBOALTERNATOR 
(H2-02 FUEL) 
TURBOALT ERN ATOR 
(MONOPROPELLANT 
HY DRAZlN E WITH 
CATALYST BED) 
0 CONCEPT FLIGHT PROVEN 
0 RELIABLE 
0 REUSEABLE 
0 LONG OPERATING LIFE - CURRENT LIFE 
3000 HOURS, DESIGN GOAL 10,000 HOURS 
HOURS PER POUND, INCLUDING TANKAGt 
FOR ORBITER ENERGY AND POWER 
RANGE) 
0 HIGH ENERGY DENSITY (400-450 WAIT- 
0 LIGHT WEIGHT EQUIPMENT 
0 FUEL SOURCE CAN BE COMMON WITH 
MAIN PROPULSION TANKS 
0 OPTION OF AC OR DC GENERATION 
0 OPTION OF HIGH OR LOW VOLTAGE 
G EN ERATl ON 
0 LIGHT WEIGHT EQUIPMENT 
0 CONTROL LESS COMPLEX THAN 
0 OPTION OF AC OR DC GENERATION 




DlS ADVANT AG ES 
0 WEIGHT AND VOLUME INCREASE ESSENTIALLY 
LINEARLY WITH REQUIRED ENERGY (S5-60 WATT- 
HOURS PER POUND AND 3-5 WATT HOURS PER 
CUBIC INCH) 
NUMBER OF BATTERIES ARE INVOLVED. 
0 RECHARGE PROCEDURE IS COMPLEX WHEN LARGE 
0 WET-LIFE LlMlTED (1 YEAR OR LESS) 
0 WEIGHT AND VOLUME INCREASE ESSENTIALLY 
LINEARLY WITH REQUIRED ENERGY (10-12 WATT- 
HOURS PER POUND AND 1-15 WATT-HOURS PER 
0 RECHARGEPROCEDURE IS COMPLEX WHEN LARGE 
CUBIC INCH). 
NUMBER OF BATTERIES ARE INVOLVED. 
TANKAGE SEPARATE FROM PROPULSION 
REACTANTS 
0 HIGH PURITY CRYOGENIC REACTANTS REQUIRE 
TED TO DC GENERATION. 
0 MATRIX TYPE FUEL CELLS REQUIRE FLIGHT 
QUALIFICATION. 
0 HIGH FUEL CONSUMPTION (25-4 POUNDS PER KWH) 
0 TURBINE EFFICIENCY IS POWER SENSITIVE. 
0 TURBINE EFFICIENCY IS ALTITUDE SENSITIVE. 
0 EXHAUST GAS CAN CAUSE VEHICLE ATTITUDE CHANGE 
0 SHORT DEMONSTRATED OPERATING LIFE (250 HOURS) 
0 DEVELOPMENT REQUIRED. 
0 HIGH FUEL CONSUMPTION (5-10 POUNDS PER KWH). 
e SEPARATE FUEL TANK REQUIRED. 
0 TURBINE EFFICIENCY IS POWER SENSITIVE 
0 TURBINE EFFICIENCY I S  ALTITUDE SENSITIVE 
0 EXHAUST GAS CAN CAUSE VEHICLE ATTITUDE CHANGE 
0 SHOm DEMONSTRATEDOPERATING LIFE (250 HOURS) 
0 DEVELOPMENT REQUIRED. 
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3.4.2 Hydraulic Power and F l i g h t  Controls  - Evaluat ion of t h e  v a r i o u s  system 
o p e r a t i o n a l  requirements i n  both s t a g e s  i n d i c a t e s  t h e  need f o r  hydrau l i c  power 
s i m i l a r  t o  c u r r e n t  l a r g e  a i r c r a f t .  I n  a d d i t i o n ,  t h e  s i z e  of ILRV v e h i c l e s  coupled 
with hypersonic c o n t r o l  requirements d i c t a t e  u s e  of f u l l  power f l i g h t  c o n t r o l  
systems. 
which a l s o  lends i t s e l f  t o  hydra lu i c  system a p p l i c a t i o n .  
no t  r e q u i r e  development of new technology b u t  w i l l  permit i nco rpora t ion  of any 
d e s i r a b l e  advances i n  s ta te-of- the-ar t  during design phase. 
3.4.2.1 
This  s i z e  and complexity i n d i c a t e s  s e l e c t i o n  of "fly-by-wire" des ign  
Th i s  b a s i c  approach does 
Hydraulic System Desc r ip t ion  - The hydrau l i c  systems i n  bo th  o r b i t e r  
and boos te r  s t a g e  v e h i c l e s  w i l l  be  similar i n  des ign  t o  p re se rve  s t a g e  t o  s t a g e  
commonality w a s  w e l l  as s impl i fy  p i l o t  and maintenance f a m i l i a r i z a t i o n  procedures. 
Each s t a g e  hydrau l i c  system is designed t o  achieve t h e  same level  of s a f e t y  
and r e l i a b i l i t y  demonstrated by systems on t h e  l a tes t  gene ra t ion  of  commercial j e t  
a i r c r a f t  as exemplifed by t h e  McDonnell Douglas DC-8, DC-9 and DC-10. 
Three completely independent hydrau l i c  subsystems w i l l  supply t h e  f l i g h t  
c o n t r o l s  i n  o r d e r  t h a t  adequate power is  a v a i l a b l e  f o r  contiiir,ed safr- f l i g h t  i n  
t h e  event  of a d u a l  hydrau l i c  ga i lu re ,  
system is  powerecl by a v a r i a b l e  displacement,  p re s su re  compensated piston-type 
pump o r  pumps, and w i l l  have s e p a r a t e  r e se rvo i rF ,  f i l t e r s ,  r e l i e f  valves and 
c o n t r o l  valves. Where p o s s i b l e  i d e n t i c a l  system components w i l l  be  used i n  both 
s t ages .  Contamination t o l e r a n c e  requirements of components w i l l  r e q u i r e  c a r e f u l  
eva lua t ion  during d e t a i l  component des ign  t o  maintain necessary system c l e a n l i n e s s  
and provide r equ i r ed  r e l i a b i l i t y .  Adequate p rov i s ions  must b e  incorporated t o  
prevent  hydrau l i c  p re s su re  su rges  and system resonance from exceeding s a f e  l i m i t s .  
This  concept i s  shown i n  F igu re  3-94. Each 
These systems w i l l  be  power balanced and u s e  a minimum number of components 
thus providing maximum r e l i a b i l i t y .  
expedi t ious back-up c a p a b i l i t y  i n  t h e  event of s i n g l e  o r  double system f a i l u r e .  
Power balancing t h e  t h r e e  systems enhances r e l i a b i l i t y  by minimizing t h e  peak and 
average loads  on any one system and permits  t h e  u s e  of smaller, more n e a r l y  
i d e n t i c a l  system components. This  w i l l  a l s o  s impl i fy  maintenance and reduce 
l o g i s t i c  requgrements. 
P a r a l l e l  arrangement of systems provides  
Hydraulic power t r a n s f e r  u n i t s  w i l l  mechanically in t e rconnec t  t h e  systems and 
provide an a l t e r n a t e  source of power when one system is  unpressurized.  U s e  of t h e  
Power Transfer  Units  (PTU) w i l l  v a s t l y  reduce r equ i r ed  cockp i t  a c t i o n s  i n  t h e  event  
of f a i l u r e  i n  a s p e c i f i c  system s i n c e  t h e  PTU can  t ake  over automatical ly .  
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HYDRAULIC SYSTEM OPERATION 
NO. 1 SYSTEM I RESERVOIR, :LTERS I 1 RESERV 
-/ HYPERSONIC xxfl 
4 WING EXTEND/ 
-I ENGINE DEPLOYMENT I 
4 COCKPIT CONTROLS 1 
R, FILTERS I 
4 STABILATOR I 
PUMPS, ENGINE PUMPS, APU 
DRIVEN .I DRIVEN 
RESERVO I R , FILTERS 
HYPERSONIC FLAP 
4 ENGINE DEPLOYMENT 1 
I NHEEL ST~ERIHGI 
FIGURE 3-94 
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3.4.3 Environmental Control  System - The func t ion  of t h e  Environmental Control  
System (ECS) is t o  provide a h a b i t a b l e  s h i r t s l e e v e  environment i n  t h e  veh ic l e .  
The o r b i t e r  r equ i r e s  an ECS t h a t  w i l l  provide t h i s  environment f o r  two men f o r  a 
f l i g h t  as long as seven days. The boos ter  r equ i r e s  an ECS t h a t  w i l l  provide t h e  
des i r ed  environment f o r  a b r i e f  launch f l i g h t  o r  a long f e r r y  f l i g h t .  
t o  provide these  func t ions  are discussed below. 
l ine c h a r a c t e r i s t i c s  are given i n  Figures  3-95 and 3-96 r e spec t ive ly .  
The systems 
The func t iona l  concepts and base- 
3.4 .3 .1  Orb i t e r  ECS - The func t ions  t o  be provided by t h e  ECS are: atmosphere 
supply,  atmosphere processing,  cabin and equipment temperature con t ro l ,  water supply 
and waste management. Figure 3-96 g ives  t h e  b a s e l i n e  system c h a r a c t e r i s t i c s .  The 
ECS c o n s i s t s  of t h e  gas  supply and con t ro l ,  t h e  gas  processing,  t he  hea t  t r a n s p o r t  
c i r c u i t ,  t h e  water and waste management, and hydraul ic  cool ing subsystems. These 
subsystems are b r i e f l y  descr ibed below and wi th  t h e  except ion of t h e  hydraul ic  
cool ing subsystem, are shown schematical ly  i n  Figure 3-97. 
a. Gas Supply and Control - This  subsystem supp l i e s  t h e  oxygen and n i r rogen  
f o r  brea th ing  and cabin  p re s su r i za t ion .  
s u p e r c r i t i c a l  cryogenic oxygen tanks which supply both t h e  f u e l  c e l l  and 
t h e  ECS requirements.  Three tanks are provided, any two of which c a r r y  
ample oxygen f o r  t h e  complete mission. 
prevent  t h e  accomplishment of a complete mission. 
second f a i l u r e  t h e  t h i r d  tank conta ins  more than enough oxygen f o r  a s a f e  
r e t u r n  t o  ea r th .  
148 l b s  of n i t rogen  f o r  crew compartment leakage and p r e s s u r i z a t i o n  wi th  
t h e  same redundancy f e a t u r e s  as t h e  oxygen supply subsystem. The cabin  
p re s su re  i s  maintained a t  14.7 p s i a  by a cabin  p re s su re  r e g u l a t o r  which 
is  suppl ied  from e i t h e r  t h e  n i t rogen  o r  t h e  oxygen supply. 
i f  t h e  oxygen p a r t i a l  p re s su re  is below t h e  upper l i m i t  (3 .1  p s i a ) ,  t h e  
so lenoid  valves i n  t h e  n i t rogen  supply remain closed and only oxygen is 
added t o  t h e  cabin. When t h e  oxygen p a r t i a l  p re s su re  reaches 3 .1  p s i a ,  
t h e  c o n t r o l l e r  opens t h e  so lenoid  va lves  (redundant).  The n i t rogen  which 
is regula ted  t o  150 ps ig ,  then backpressures  a check va lve  i n  t h e  100 
ps ig  oxygen supply l i n e ,  c los ing  it, so t h a t  only n i t rogen  is suppl ied.  
When t h e  oxygen p a r t i a l  p re s su re  drops t o  t h e  lower l i m i t  (2.7 p s i a )  t h e  
n i t rogen  va lves  are closed and oxygen i s  aga in  suppl ied.  
The ECS oxygen i s  provided by 
Thus one tank f a i l u r e  w i l l  no t  
I n  t h e  event  of a 
Three s u p e r c r i t i c a l  cryogenic n i t rogen  tanks provide 
I n i t i a l l y ,  
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ORBITER I BOOSTER 
SYSTEM COOLING BY AIR CYCLE - SYSTEM COOLING BY AIR CYCLE - 
GROUND SUPPLY HIGH PRESSURE 
AIR. AIR. 
SYSTEM COOLING BY WATER 
BOILER. COOLANT CIRCUIT. 
SYSTEM COOLING BY SPACE RADIA- NOT APPLICABLE. 
GROUND SUPPLY HIGH PRESSURE 
SINK HEAT IN COMPONENTS, 
TOR-CRYOGENIC GAS SUPPLIES - 
C02 ABSORPTION BY LiOH - CREW 
WATER FROM FUEL CELLS. 
SYSTEM COOLING BY WATER 
BOILER. 
NOT APPLICABLE. 
SYSTEM COOLING BY l r l R  CYCLE - XTE!!  COOLING BY AIR CYCLE - 
ENGINE BLEED SUPPLIES HIGH 
PRESSURE AIR. SURE 41R 
ENGINE BLEED SUPPLIES HIGH PRES 
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ENVIRONMENTAL CONTROL SYSTEM CHARACTERISTICS 
I REQU IR EMENTS I B4SELINE SYSTEM 
~ 
0 SHIRT SLEEVE ENVIRONMENT 
FOR TWO MAN CREW. 
SEVEN DAYS IN ORBIT. 
0 CAPABLE OF SUBSONIC FERRY 
FLIGHT. 
WASTE HEAT. 
0 PROTECT RADIATOR FROM 
BOOST/ENTRY HEATING. 
0 DISSIPATE 5+ KW EQUIPMENT 
~- ~~ 
SEk LEVEL LTUOSPHERE - NO PRESSURE 
SUITS. 
0 STOR E GASES A S  SUPERCRITICAL CRYOGEN. 
0 CONTROL CO2 WITH LITHIUM HYDROXIDE. 
0 CONTRGL EQUIPMENT TEMPERATURES WITH 
LIQUID COOLANT CIRCUIT AND COLDPLATES. 
CRUISE. 
AND WATER BOILER. 
SUR FACE. 
0 AIR CYCLE COOLING PACKAGE FOR FERRY/ 
0 DITJiPAATE WASTE HEAT WITH SPACE RADIATOR 
0 RADIATOR ON PAY LOAD BAY DOOR INNER 
0 SUPPLY DRINKING WATER FROM FUEL CELLS. 
0 VAPORIZE LIQUID WASTE - STORE DRIED WASTES 
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Gas Processing - The system provides  c r e w  v e n t i l a t i o n ,  atmosphere 
c o n s t i t u e n t  c o n t r o l  and atmosphere cooling. Cabin f a n s  and gas  in f low 
and outflow d i s t r i b u t i o n  d u c t s  are provided a t  s e l e c t e d  l o c a t i o n s  t o  
c i r c u l a t e  t h e  cab in  atmosphere. The cab in  atmosphere gases  are c i r c u l a t e d  
through system components t o  f i l t e r ,  remove t h e  carbon d iox ide  by r e a c t i o n  
with L i O H ,  remove odors and t r a d e  contaminants w i t h  a c t i v a t e d  charcoal ,  
and coo l  and c o n t r o l  t h e  relative humidity wi th  a condensing h e a t  exchanger. 
The Heat-Transport C i r c u i t  - The system uses  redundant coolant  loops,  and 
dua l  c o l d p l a t e s  f o r  t h e  thermal c o n t r o l  of e l e c t r o n i c  equipment, a space 
r a d i a t o r ,  and a water b o i l e r  f o r  h e a t  d i s s i p a t i o n .  The secondary loop is  
used i f  a f a i l u r e  occurs i n  t h e  primary loop. Redundant coo lan t  pumps i n  
each loop c i r c u l a t e  t h e  h e a t  t r a n s f e r  coolant .  Waste h e a t  i s  r e j e c t e d  by 
t h e  s p a c e c r a f t  r a d i a t o r  and water b o i l e r  i n  o r b i t  and by t h e  water b o i l e r  
during atmospheric en t ry .  
waste h e a t  during subsonic c r u i s e  f l i g h t  o r  during f e r r y  f l i g h t s .  
Water and Waste Management - The subsystem provides:  
t h e  crew; a source of water f o r  h e a t  d i s s i p a t i o n  by evaporat ion,  s t o r a g e  
and d i s p o s a l  of condensate from t h e  cab in  h e a t  exchanger and f u e l  c e l l  
product water; c o l l e c t i o n ,  s t o r a g e  o r  d i s p o s a l  of waste materials generated 
during t h e  mission. Because of t h e  s h o r t  f l i g h t  mission, water condensed 
i n  t h e  cabin h e a t  exchanger/water s e p a r a t o r  does no t  supplement t h e  drink- 
a b l e  water supply,  b u t  is  routed d i r e c t l y  t o  t h e  water b o i l e r s .  The water 
suppl ied by t h e  f u e l  cells i s  temporar i ly  s t o r e d  i n  a bladder  type  tank 
u n t i l  i t  i s  used f o r  d r ink ing  o r  h e a t  d i s s i p a t i o n .  The f e c a l  wastes, and 
u r i n e  are deposi ted i n  zero g ,  commode type r e c e p t a c l e s  from which they 
are au tomat i ca l ly  t r anspor t ed  i n  a s l u r r y  form t o  an evaporator.  
vapors are dumped overboard and t h e  r e s i d u e  i s  d r i e d  f o r  d i s p o s a l  a t  t h e  
end of t h e  mission. 
Hydraulic Cooling - This subsystem p reven t s  overheat ing of t h e  f l u i d  i n  
t h e  hydrau l i c  subsystem which powers t h e  aerodynamic c o n t r o l  su r f aces .  
Heat i s  removed by ram a i r  discharging through an a i r / l i q u i d  h e a t  exchanger. 
Heat is t r ansmi t t ed  i n t o  t h e  hydrau l i c  subsystem by two means: 
conducted i n  through t h e  s t r u c t u r e  during e n t r y  and (2) h e a t  generated 
by t h e  hydrau l i c  pumps when t h e  aerodynamic c o n t r o l  s u r f a c e s  are active. 
An a i r  c y c l e  r e f r i g e r a t i o n  package removes 
d r ink ing  water t o  
The 
(1) h e a t  
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conducted i n t o  t h e  subsystem during e n t r y  i s  s t o r e d  by h e a t  s ink ing  
u n t i l  t h e  c r u i s e  engines are ope ra t iona l .  
a c t u a t o r s  are p r i m a r i l y  used during c r u i s e ,  most of t h e  h e a t  generated 
i n  t h e  subsystem is during t h e  c r u i s e  phase of t h e  mission. 
cool ing t h e r e f o r e  provides  a s imple r e l i a b l e  means of h e a t  removal from 
the  hydrau l i c  subsystem. 
Since t h e  c o n t r o l  s u r f a c e  
Ram a i r  
3 . 4 . 3 . 2  Booster - The boos te r  ECS must provide t h e  atmosphere supply,  and 
cabin and equipment temperature con t ro l .  The ECS c o n s i s t s  of f o u r  subsystems: t h e  
oxygen supply,  t h e  h e a t  t r a n s p o r t  c i r c u i t ,  t h e  a i r  cyc le ,  and t h e  hydrau l i c  cool ing 
subsystems. 
are shown schematical ly  i n  Figure 3-98. 
summarized i n  t h e  succeeding paragraphs. 
These subsystems, w i t h  t h e  except ion of t h e  hydrau l i c  coo l ing  subsystem, 




Oxygen Supply - The oxygen suppPy subsystem provides  a n  emergency supply 
of oxygen. I n  normal f l i g h t ,  t h e  cab in  w i l l  b e  p re s su r i zed  t o  t h e  
equ iva len t  of an 8000 f t .  a l t i t u d e  and a d d i t i o n a l  oxygen w i l l  no t  be 
necessary.  I f  t h e  cab in  p re s su re  is l o s t ,  then t h e  oxygen supply w i l l  
provide oxygen u n t i l  t h e  v e h i c l e  i s  brought down t o  an a l t i t u d e  where 
cabin p r e s s u r i z a t i o n  is no t  necessary.  
The Heat-Transport C i r c u i t  - The system uses  redundant coo lan t  loops,  and 
dua l  passage c o l d p l a t e s  f o r  t h e  thermal c o n t r o l  of e l e c t r o n i c  equipment. 
The secondary loop is  used i f  a f a i l u r e  occurs  i n  t h e  primary loop. 
Redundant coolant  pumps i n  each loop c i r c u l a t e  t h e  h e a t  t r a n s f e r  coolant .  
Waste h e a t  i s  r e j e c t e d  by an a i r  c y c l e  r e f r i g e r a t i o n  package during 
subsonic c r u i s e  f l i g h t  o r  during f e r r y  f l i g h t s .  P r i o r  t o  launch t h e  a i r  
cyc le  machine i s  powered by a ground supply of high p r e s s u r e  air .  
t h e  boost  phases of f l i g h t ,  h e a t  d i s s i p a t e d  by t h e  electrical equipment 
is  absorbed by equipment, coolant  f l u i d ,  and c i r c u i t  component temperature 
inc reases .  Subsequent t o  boost  t h e  a i r  cyc le  is  powered with bleed a i r  
from t h e  j e t  engine compressor. 
A i r  Cycle - The a i r  c y c l e  subsystem serves a d u a l  func t ion ,  providing 
cabin a i r  condi t ioning and p r e s s u r i z a t i o n ,  and providing cool ing for t h e  
h e a t  t r a n s p o r t  c i r c u i t .  
exchange wi th  r a m  air ,  i s  compressed, aga in  i s  cooled by r a m  a i r  and then  
is  f u r t h e r  cooled by expansion i n  a t u r b i n e  t h a t  d r i v e s  t h e  compressor, 
During 
Jet engine compressor b l eed  a i r  is  cooled by h e a t  
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BOOSTER ECS SCHEMATIC 
E-1 COOLANT LOOP 
CREW CABIN 
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The co ld  a i r  removes h e a t  from t h e  coolant  c i r c u i t  and then i s  mixed w i t h  
ho t  air  from t h e  compressor t o  c o n t r o l  t h e  cab in  temperature. 
Hydraulic Cooling - This  subsystem p reven t s  overheat ing of t h e  f l u i d  i n  
t h e  hydrau l i c  subsystem which powers t h e  aerodynamic c o n t r o l  su r f aces .  
Heat is removed by r a m  a i r  discharging through a n  a i r / l i q u i d  h e a t  
exchanger. 
d. 
3 . 4 . 4  I n t e g r a t e d  Avionics - The emphasis of t h e  Space S h u t t l e  program is  t o  
achieve a high level of o p e r a t i o n a l  economy. This requirement,  i n  conjunct ion wi th  
v e h i c l e  ope ra t ion  i n  t h e  booster ,  s p a c e c r a f t  and a i r c r a f t  f l i g h t  regimes r e q u i r e s  
a new look a t  t h e  design and implementation of t h e  Avionics System. The new approach 
i s  c a l l e d  an "Integrated Avionics System" and i t  considers  a l l  known f u n c t i o n a l  
requirements of t h e  mission during i n i t i a l  v e h i c l e  system design. 
The b a s i c  r a t i o n a l e  f o r  t h e  u s e  of I n t e g r a t e d  Avionics is der ived  from t h e  
measures required t o  achieve economy of operat ion.  These measures are a s e l f  
contained, crew c o n t r o l l e d ,  prelaunch checkout c a p a b i l i t y ,  r a p i d  t u r n  around/reuse 
c a p a b i l i t y  and a h ighe r  degree of mission success.  
i nc lude  s e l f  checkout, block and f u n c t i o n a l  redundancy, and maintenance t o  a Line 
Avionic c a p a b i l i t i e s  must 
Replaceable Unit  (LRU). These c a p a b i l i t i e s  produce a l a r g e  amount of system s t a t u s  
data .  This  d a t a ,  i n  conjunction wi th  t h e  system c o r p l e x i t y  due t o  t h e  v e h i c l e  
multiregime ope ra t ion ,  r e q u i r e  an advanced I n t e g r a t e d  Avionics c a p a b i l i t y .  
compa t ib i l i t y  w i th  manned c o n t r o l ,  t h e  I n t e g r a t e d  Avionics system w i l l  provide a 
h igh ly  e f f i c i e n t  d a t a  management and d i s p l a y / c o n t r o l  c a p a b i l i t y .  
t h e  crew of excessive workload by au tomat i ca l ly  performing t i m e  c r i t i c a l  f u n c t i o n s  
and by providing p r i o r i t y  s o r t i n g  and d a t a  compression of t h a t  information needed . 
by t h e  crew. 
To ensure 
It w i l l  relieve 
The gene ra l  av ion ic  func t ions  are: 
o Vehicle Self  T e s t  and Warning 
o Data Processing and Trans fe r  
o 
o Target  Tracking 
o 
o S a t e l l i t e  Communications 
o Supporting Energy Conditioning 
Crew Command and I n t e g r a t e d  Displays 
Autonomous Navigation and F l i g h t  Control  
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AVI ONICS-MISS1 ON FU NCTl ONS 
ON-ORBIT 





o AUTONOMOUS NAVIGATION & 
OMISSION PLANNING 
o PERFORMANCE EVALUATION 
o RENDEZVOUS, STATION 
KEEPING & DOCKING 
OVOICE 'DATA COMSAT 
C OMM UN IC AT1 ONS 
/ 0 RAPID TURN-AROUND 1 
oONBOARDCHECKOUT 1 
o SELF CONTAINED CRE'JY CONTROLLED LAUNCH 
A - d -  
OTERMINAL GUIDANCE AND LANDlNC 
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3.4.4.1 System Definition - The elements of the Integrated Avionics system 
are shown in Figure 3-100. 
basis of: (1) an estimate of the 1972 technology status and (2) use of concepts 
which provide small development risks. 
Inertial sensors are used as the prime source of navigation data through all 
Choice of inertial systems in both the booster and orbiter 
Equipment and configuration selection was made on the 
active mission phases. 
were dictated by the ascent guidance, entry to a pre-determined landing site and 
automatic landing requirements. Star trackers and horizon sensors provide 
autonomous on-orbit attitude and navigational updates. The multi-mode rendezvous 
radar provides for rendezvous with either cooperative or non-cooperative vehicles. 
A dedicated navigation computer supplies the unique requirements of individual 
system sensors while permitting the central software programming tasks to be 
maintained at a manageable complexity level. This keeps sensor unique computational 
requirements from impacting the central computational requirements. 
The UHF communication link is utilized for EVA, inter-vehicle voice or data, 
The Comsat-link and airport communication during the approach and landing phase. 
provides nearly continuous communication capability between any ground station and 
the orbiter during the orbital phase of flight. 
The display concept utilizing cathode ray tubes for multimode data presentation 
permits crew decisions on important tasks while relieving them of the need to 
monitor a large number of displays and meters. 
A common, multiplexed data bus was selected to provide standardized digital 
interfaces, and to reduce the complexity and weight of itnerconnecting systems. 
The intermix of computers consists of a central data processor to perform mission 
oriented functions, and peripheral dedicated computers for sensor functions, 
navigation, flight control, and propulsion computations. This arrangement was 
chosen on the basis of commonality of requirements while maintaining equipment 
and software at manageable complexity levels. Thus, sensor oriented computational 
requirements, both hardware and software, do not impact the central computer. 
Onboard checkout minimizes ground support and expedites maintenance and reuse. 
Decentralized Built-In Test (BIT) was selected over a separate centralized test 
system to minimize interface complexity and provide subsystem functional autonomy. 
BIT provides self-test at all maintenance levels and permits identification of 
failures to the line replaceable units. 
transmission of data pertinent to a particular mission phase, whether it be for 
flight, caution and warning, or ground base checkout. 
Selective computer controlled access permits 
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BASELINE ORBITER INTEGRATED AVIONICS SYSTEM 
COMMUNI CAT1 ONS 
SHF* ( 2 )  d UHF ( 2 )  
TRANSCEIVERS 
PROCESSOR (3) 
a INTERCOM & HEADSETS ( 2 )  
a OMNI ANTENNAS (4) 
'SHF DISH ANTENNA (1) 
ELECTRICAL 
* 'FUEL CELL ( 2  OUT OF 4) 
* 'REACTANT SUPPLY (25'0) 
BATTERIES ( 2 )  
CHECKOUT & MONITORING 





e FLIGHT RECORDER ( 2 )  
.*REMOTE TV CAMERAS 
GUIDANCE AND NAVIGATION 
* INERTIAL MEASUREMENT (3) 
NAV COMPUTER (3) 
*INTEGRATED OPTICAL & IR (211 
'RENDEZVOUS RADAR ( 2 )  
"DOCKING SENSORS (3) 
I e CENTRAL COMPUTER (3) 1. CREW 
VORTAC TRANSCEIVER (2) 
RADAR ALTIMETERS (3) 
e AIR DATA SENSORS (3) I ADVANCED ILS (3) 
HAND CONTROLLERS (2) 
e MULTI-PURPOSE 
CRT DISPLAYS (6) 
a HEAD-UP DISPLAY (2) 
FLIGHT CONTROL 1 
'DENOTES SYSTEMS NOT 
USED ON BOOSTER 
a PROCESSOR (4 )  
POWER SERVO AMPLIFIERS 
(4 PER FUNCTION)  RATE GYRO (BACK-UP - 1) 
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4.0 COST ANALYSIS 
Cost a n a l y s i s  involves  t h e  i n v e s t i g a t i o n  of v e h i c l e  and program d e f i n i t i o n ,  
t h e  t r a n s l a t i o n  of t h e s e  d e f i n i t i o n s  i n t o  t h e  program c o s t  estimates, and t h e  
a n a l y s i s  of c o s t  s e n s i t i v i t i e s  t o  va r ious  v e h i c l e  and program alternates. 
s e c t i o n  of t h e  r e p o r t  p re sen t s  t h e  c o s t  methodology which forms t h e  b a s i s  f o r  
t h e  der ived c o s t s ,  t h e  ground r u l e s  t o  which t h e  c o s t s  are est imated,  t h e  es t imated  
c o s t s ,  and the  assoc ia ted  c o s t  s e n s i t i v i t i e s .  
This  
4 .1  Cost Methodology - The c o s t  model developed during Tasks 1 through 6 
of t h e  b a s i c  OCPDM study w a s  used as t h e  b a s i s  f o r  es t imat ing  t h e  c o s t  of t h e  
v e h i c l e s  def ined i n  t h e  follow-on s tudy e f f o r t .  A complete d i scuss ion  of t h e  
Cost Estimating Rela t ionships  (CER's )  t h a t  were developed for t h i s  c o s t  model i s  
contained i n  Reference 4 .  
study wi th  t h e  except ion of a few s l i g h t  adjustments .  
programs defined during t h e  follow-on s tudy a l s o  contained subsystems o r  func t ions  
f o r  which the re  were no CER'S i n  t h e  c o s t  model. These items requi red  sepa ra t e  
c a l c u l a t i o n s  s i n c e  s p e c i f i c  C E R ' s  w e r e  no t  def ined  f o r  t hese  items. 
add i t ions ,  modi f ica t ions ,  o r  d e l e t i o n s  are discussed i n  t h e  following paragraphs.  
In  accordance wi th  t h e  s tudy  ground r u l e s  t he  CER's  f o r  t h e  ze ro  s t a g e s  
The CER's  were d i r e c t l y  app l i cab le  t o  t h e  follow-on 
The v e h i c l e s  and 
The necessary 
of Concept "S" v e h i c l e s  were provided by t h e  NASA, r~ * 
4.1.1 F i r s t  Unit Cost C E R ' s  - The necessary a d d i t i o n s  o r  adjustments  t o  t h e  
f i r s t  unit c o s t  CER'S are ou t l ined  below: 
a. Thermal P ro tec t ion  System, Radiat ive - The CER as w r i t t e n  i n  t h e  b a s i c  
OCPDM cos t  model i s  i n  e r r o r  s ince  i t  does not  have an exponent on the  wet ted 
area (SWTPR) parameter and t h e r e f o r e ,  does not  account f o r  t h e  s i z e  (wetted 
a rea )  e f f e c t  on t h e  cos t .  
follow-on e f f o r t  have been reduced t o  account f o r  t h i s  s i z e  e f f e c t .  
Subsequently, t he  CER r e s u l t s  obtained i n  t h e  
b. Landing Gear - For t h e  Concept "S" v e h i c l e  t h i s  CER output  w a s  increased 
s ince  t h e  landing gear  is  cons t ruc ted  wi th  composite materials and t h e  
cu r ren t  C l B  has  no material complexity f a c t o r .  
ECS - The ECS c o s t  w a s  increased s l i g h t l y  t o  provide a d d i t i o n a l  equipment 
c o s t s  f o r  func t ions  performed t h a t  were not  a p a r t  of t h e  Geminitype 
system from which t h e  CER w a s  der ived .  
Entry A t t i t u d e  Control  System - This  is  a gaseous 0 /H 
system and t h e  class 4 regenera t ive  cooled,  pump f e d ,  LOX/LH2 system CER 
w a s  used t o  estimate t h e  engine c o s t .  
c .  
d .  p rope l l an t  2 2  
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e. Airbreathing j e t  engines - The c o s t  of t h e  j e t  engines  i s  based on Rand 
Report RM-4670-PR, dated November 1965. 
4.1.2 RDT&E CER'S - The necessary a d d i t i o n s ,  adjustments,  and d e l e t i o n s  t o  
t h e  RDT&E CEX's are ou t l ined  below: 
a.  
b .  
C .  
d .  
e. 
f .  
g *  
h .  
S t r u c t u r a l  t e s t i n g  - The c o s t  w a s  reduced by 1/3 because of t h e  reduct ion  
i n  ground test hardware. 
ECS - The ECS c o s t  w a s  increased s l i g h t l y  t o  provide a d d i t i o n a l  develop- 
ment c o s t s  f o r  func t ions  performed t h a t  were not  a p a r t  of t h e  Gemini 
type  system from which t h e  CER w a s  der ived .  
Entry A t t i t u d e  Control  System - The class 4 regenera t ive  cooled,  pump 
fed ,  LOX/LH 
Airbreathing Jet Engines - The a i r b r e a t h i n g  j e t  engines were considered 
as off-the-shelf  i t e m s  w i th  25% of the  o r i g i n a l  development c o s t  as 
est imated by Rand Report RM-4670-PR charged f o r  any poss ib l e  requi red  
modi f ica t ions  o r  changes. 
Aerospace Ground Equipment (AGE) - The output  of t hese  CER' s  w a s  s l i g h t l y  
reduced t o  r e f l e c t  t h e  v a s t  amount of onboard checkout equipment. 
Launch F a c i l i t i e s  - The f a c i l i t i e s  c o s t s  are based on modi f ica t ion  
of e x i s t i n g  launch f a c i l i t i e s .  
T ra ine r s  and Simulators ,  Mockups, and System Engineering - The c o s t s  i n  
t h e  model are c a l c u l a t e d  as  a percentage of o t h e r  c o s t  elements.  Since 
these  c o s t  elements are now considerably higher  than t h e  base from which 
t h e  percentage f a c t o r s  w e r e  der ived ,  t h e  c o s t  model output  of t hese  3 
func t ions  w a s  reduced s l i g h t l y .  
Horizontal  f l i g h t  t e s t i n g ,  V e r t i c a l  f l i g h t  t e s t i n g ,  and Refurbishment - 
These c o s t s  required separate c ~ l c u l a t i o n s  s i n c e  t h e  c o s t  model does 
not  have CER'S f o r  es t imat ing  t h e s e  elements.  
CER w a s  used t o  e s t ima te  t h e  engine c o s t  f o r  t h i s  subsystem. 2 
4.1.3 Opera t iona l  Phase CER's - The ope ra t iona l  CER's were developed from 
t h e  d a t a  presented i n  Reference 4 t o  accommodate a range of ope ra t iona l  
ph i losophies ,  payload s i z e s  and t o  t a l  program s i z e s .  
were considered during t h e  study; namely, t h e  bus iness  as usua l  (BAU) approach 
of t h e  b a s i c  s tudy,  t h e  ILRV approach of quick turnaround, and an in te rmedia te  
approach which i s  less conserva t ive  than t h e  bus iness  as usua l  approach. 
Three ope ra t iona l  ph i losophies  
Recent s h u t t l e  s t u d i e s  involving s e v e r a l  d i f f e r e n t  approaches t o  an ILRV 
system requi red  t h e  development of an  ope ra t iona l  philosophy and an ope ra t iona l  
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cos t  model more r e p r e s e n t a t i v e  of t h e  ILRV system than t h e  "Business A s  Usual" 
philosphy and model p r e s e n t l y  s t r u c t u r e d  i n  t h e  b a s i c  OCPDM s tudy r e s u l t s .  An 
ILRV system i s  cha rac t e r i zed  by an i n t e g r a t e d  launch-recovery complex, l imi t ed  
scheduled maintenance performed i n  a s h o r t  time, and l i t t l e  of t h e  present  pre- 
launch activit ies,  o the r  than pad e r e c t i o n  and countdown. These c h a r a c t e r i s t i c s  
e l imina te  t r a n s p o r t a t i o n ,  reduce flow time, reduce inventory requirements,  and 
reduce t h e  manpower levels requi red  t o  s u s t a i n  a program. A l l  of t h e s e  c o n t r i b u t e  
t o  reduced opera t ing  c o s t s  which w a s  one of t he  purposes of t h e  ILRV s h u t t l e  
s t u d i e s  . 
An in t eg ra t ed  launch-recovery- recer t i f ica t ion  complex has  many advantages.  
It provides  a dedica ted  launch and recovery si te,  f r e e  from t h e  compromises 
necessary when launch i s  from ETR o r  WTR and recovery i s  a t  e x i s t i n g  c i v i l i a n  or  
m i l i t a r y  a i r f i e l d s .  Exis t ing  sites demand t h a t  t h e  needs of a l l  u s e r s  be given 
equal  cons idera t ion .  In  t h e  high t r a f f i c  programs envisioned i n  t h e  ILRV s t u d i e s  
such a s i t u a t i o n  i s  ha rd ly  t o l e r a b l e .  
launch o r  a i r c r a f t  t r a f f i c ,  o f f e r s  t h e  p o t e n t i a l  f o r  t h e  least c o s t l y  opera t ing  
mode. Inc lus ion  of t he  r e c e r t i f i c a t i o n  f a c i l i t y  a t  t h i s  complex is  a l o g i c a l  
ex tens ion  of t h e  concept.  There i s  l i t t l e  reason t o  t r a n s p o r t  a space v e h i c l e  
t o  another  l oca t ion  f o r  r e c e r t i f i c a t i o n  when it could be done r i g h t  a t  t h e  
recovery s i te .  
The dedicated site, f r e e  from any o the r  
R e c e r t i f i c a t i o n  is  a much less e l a b o r a t e  a c t i v i t y  i n  t h e  ILRV approach. The 
s h u t t l e  v e h i c l e s  are designed f o r  long l i f e  and easy m a i n t a i n a b i l i t y .  
subsystems have a much longer  u s e f u l  l i f e ,  as compared t o  present  systems, due t o  
h igh  r e l i a b i l i t y ,  longer  design l i f e ,  and much less non-f l ight  opera t ion  
( r e p e t i t i v e  t e s t i n g  ) e 
The 
The d e t a i l e d  r e c e r t i f i c a t i o n  model u t i l i z e d  i n  t h i s  s tudy i s  a modi f ica t ion  
of t h e  model developed i n  t h e  b a s i c  OCPDM study.  The ILRV r e c e r t i f i c a t i o n  i s  
based on d a t a  presented i n  Reference 5. 
maintenance cyc le  similar t o  t h e  type  followed f o r  commercial and m i l i t a r y  a i r c r a f t ,  
The opera t ing  l i f e  of t h e  va r ious  subsystems w a s  es t imated i n  f l i g h t s ,  based on 
t h e  expected hours of opera t ion  p e r  f l i g h t .  The thermal p r o t e c t i o n  system l i f e  
w a s  es t imated from t h e  expected thermal  environment of t h e  nominal mission p r o f i l e .  
Some components had n e a r l y  unl imited l i f e  while  o t h e r s  such as leading  edges and 
nose caps had a f i v e  f l i g h t  l i f e .  
p o r t i o n s  of t h e  TPS as t h e  expected l i f e  w a s  reached. 
landing gear ,  w a s  assumed to  have unl imi ted  l i f e .  
This  r e fe rence  s tudy  def ined  a scheduled 
The scheduled maintenance cyc le  replaced 
The b a s i c  a i r f rame,  inc luding  
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This  scheduled maintenance approach r e q u i r e s  that an  a d d i t i o n a l  amount of 
e f f o r t  be a l l o t t e d  t o  unscheduled maintenance. Unscheduled maintenance i n  t h i s  
study i s  def ined i n  man-hours only,  t h e  materials f o r  t h i s  a c t i v i t y  are assumed 
drawn from t h e  spa res  s tock .  
There is a l imi t ed  amount of t e s t i n g  during t h e  r e c e r t i f i c a t i o n .  For t h e  
ILRV approach, t e s t i n g  is  l imi t ed  t o  c o n t i n u i t y  v a l i d a t i o n s  only.  Tes t ing  over  
t h e  opera t ing  range is  not  performed. 
i t  is  removed and a f u l l y  t e s t e d  replacement i n s t a l l e d ,  t h e  c o n t i n u i t y  checked to 
be c e r t a i n  t h e  replacement is c o r r e c t l y  i n s t a l l e d ,  and t h e  job  sea l ed .  There is 
no f u l l  system test u n t i l  t h e  prelaunch countdown which is  t h e  only time before  
f l i g h t  that a l l  systems are checked. 
I f  a component i s  due f o r  replacement, 
This scheduled maintenance approach does not  reduce t h e  amount of i n spec t ion  
performed. The burden on q u a l i t y  assurance is g r e a t e r  due t o  the  e l imina t ion  of 
a l l  poss ib l e  r e p e t i t i v e  t e s t i n g .  
unscheduled maintenance, b u t  t h e  manpower l e v e l s  r e f l e c t  t h e  presence of q u a l i t y  
assurance throughout t h e  r e c e r t i f i c a t i o n .  
The flow time i s  keyed t o  t h e  scheduled and 
Launch opera t ions  f o r  t h e  ILRV philosophy a t t e m p t  t o  reduce c o s t s  t o  a 
minimum without  l o s s  of success  p r o b a b i l i t y i n  jeopord iz ing  t h e  s a f e t y  of a f l i g h t  
crew. The "business  as usual"  act ivi t ies  w e r e  reviewed ind iv idua l ly .  Each 
w a s  reduced t o  some minimum which, i n  t h e  judgement of t h e  a n a l y s i s ,  w a s  t h e  
least  e f f o r t  permiss ib le  t o  achieve a success fu l  mission.  
e l imina ted  s i n c e  t h e  ILRV approach relies on t h e  countdown t o  d e t e c t  anomolies. 
The two major reduct ions  were i n  i n d u s t r i a l  area act ivi t ies  and countdown. 
is  an ope ra t iona l  program which assumes a f ixed  v e h i c l e  conf igura t ion ,  and uses  
onboard checkout i n  t h e  v e h i c l e s .  I n  an ope ra t iona l  program, wi th  t h e  v e h i c l e s  
opera t ing  a t  an in t eg ra t ed  complex, t h e  v e h i c l e  i s  de l ivered  d i r e c t l y  t o  the  pad, 
pausing only t o  load  cargo and some expendables. Onboard checkout g r e a t l y  speeds 
t h e  checkout sequence by v e r i f y i n g  t h a t  a l l  systems are opera t ing  w i t h i n  t o l e r a n c e ,  
The ILRV approach does not  cons ider  t h e  exact  va lue  of each measured parameter,  o r  
compare that va lue  t o  previous test d a t a ,  as is  done i n  t h e  "business as usua l"  
approach. 
they  are given a go-no-go type  of test only .  
reduced; thus,  pad assembly and p r o p e l l a n t s  are t h e  two major c o s t s  i n  t h e  ILRV 
launch opera t ions .  
Pad t e s t i n g  w a s  
This 
Greater r e l i a n c e  is placed on t h e  i n t e g r i t y  of t h e  subsystems, and 
Propel lan t  c o s t s  can not  be 
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The c o s t s  of t h e  o the r  act ivi t ies  a s soc ia t ed  wi th  ope ra t ions  are a l s o  reduced 
i n  t h e  ILRV approach. With fewer manhours involved i n  launch opera t ions ,  t h e  
manhours i n  launch area support  are g r e a t l y  reduced. Tra in ing  c o s t s  can be reduced 
because t h i s  is  a l o g i s t i c  s h u t t l e  opera t ion  wi th  l i t t l e  o r  no v a r i a t i o n  i n  mission 
p r o f i l e .  Consequently, f l i g h t  c r e w  need only r e f r e s h e r  courses  r a t h e r  than 
ex tens ive  r e t r a i n i n g  between f l i g h t s .  
s i g n i f i c a n t l y  reduced by e l imina t ion  of much of t he  "business as usual"  AGE and 
by less complex launch f a c i l i t i e s .  
engineer ing and t e c h n i c a l  support  can be reduced t o  60% of 
usual" value.  
i n  t h e  quan t i ty  and c o s t  of s u s t a i n i n g  spa res .  
AGE and f a c i l i t y  maintenance are 
Due t o  t h e  na ture  of t h e  program, sus t a in ing  
t h e  "business  as 
The longer l i f e ,  h igher  r e l i a b i l i t y  components p e r m i t  a reduct ion  
4.1.4 Zero Stages - The CER' s  f o r  t h e  zero  s t a g e s  were provided by t h e  NASA. 
These w e r e  programmed i n t o  a s m a l l  c o s t  model providing a l l  c o s t s ,  such as RDT&E, 
investment and ope ra t iona l  c o s t s ,  f o r  t h e  s o l i d  versus  l i q u i d  and expendable 
versus  reusable  approaches to  t h e  zero  s t a g e s .  These c o s t s  w e r e  then  added t o  t h e  
co re  veh ic l e  c o s t s  f o r  Concept 'IS" to  provide the appropr i a t e  t o t a l  program c o s t s .  
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4.2 Cost Ground Rules - The following ground r u l e s ,  assumptions, and 
program d e f i n i t i o n s  are r e f l e c t e d  i n  t h e  est imated c o s t s  f o r  t he  follow-on s tudy 
e f f o r t .  
a. 
b .  
C .  
d. 
e. 
f .  
g.  








A l l  c o s t s  are i n  1969 d o l l a r s  and are based on t h e  l abor s  rates as 
e s t a b l i s h e d  by t h e  b a s i c  OCPDM study.  
The primary development c o s t s  of common subsystems are charged t o  t h e  
o r b i t e r  w i t h  small a d d i t i o n a l  c o s t s  f o r  t h e s e  subsystems charged t o  the  
boos te r  f o r  modi f ica t ions  and p e c u l i a r i t i e s ,  
Ground test  hardware c o n s i s t s  of approximately 1.2 equivalent  c o s t  u n i t s  
( i . e . ,  1 . 2  times f i r s t  u n i t  c o s t ) .  
The f l i g h t  test hardware included i n  t h e  RDTSrE phase c o n s i s t s  of 2 
complete production hardware veh ic l e s .  
The f l i g h t  test veh ic l e s  procured i n  RDTSrE phase are completely 
re furb ished  and used t o  he lp  m e e t  t h e  ope ra t fona l  phase inventory  
requirements . 
The landing  assist j e t  eng inesa re  considered off-the-shelf  i t e m s w i t h  
25 percent  of t h e  est imated o r i g i n a l  development c o s t  charged f o r  
modi f ica t ions .  
Three sets of AGE are included i n  t h e  est imated c o s t s .  
The ho r i zon ta l  o r  subsonic f l i g h t  tes t  program c o n s i s t s  of 140 f l i g h t s  
on t h e  o r b i t e r  and 100 f l i g h t s  on t h e  boos te r .  
The vertical ( s u b o r b i t a l  and o r b i t a l )  f l i g h t  test program c o n s i s t s  of 
9 f l i g h t s  on t h e  o r b i t e r  and 6 f l i g h t s  on t h e  boos te r ;  3 of which are 
combined launches.  
The p r o b a b i l i t y  of mission success  f o r  t he  ILRV, in te rmedia te ,  and 
business-as-usual approaches are .985, .975, .975 r e s p e c t i v e l y .  The 
p r o b a b i l i t y  of s a f e  recovery is  .995 f o r  a l l  approaches. 
No design l i f e  l i m i t a t i o n s  were assumed f o r  t h e  core  veh ic l e s .  
s t age  zero  u n i t s  were assumed to  have a 20 f l i g h t  l i f e .  
Program l i f e  assumed w a s  10  years .  A t  t h e  end of t h i s  time, a l l  
remaining veh ic l e s  are i n  f l i gh t - r eady  condi t ion .  
The payload c o s t s  are excluded. 
The contingency weight has been excluded from a l l  c o s t  c a l c u l a t i o n s  
t h a t  are weight s e n s i t i v e .  
Fee is included as a s e p a r a t e  element a t  10 percent .  
Reusable 
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4 . 3  Cost Element S t r u c t u r e  - The Cost Element S t r u c t u r e  (CES) developed f o r  
t h e  b a s i c  s tudy has  been modified s l i g h t l y  t o  m e e t  t h e  requirements of t h e  
v e h i c l e s  and programs as defined by t h i s  follow-on e f f o r t .  
modi f ica t ions  inc lude  t h e  d e l e t i o n  of subsystems o r  func t ions  n o t  included i n  the  
follow-on veh ic l e s  o r  programs o r  t h e  add i t ion  of subsystems o r  func t ions  not 
Generally,  t h e s e  
prev ious ly  provided f o r  by t h e  b a s i c  CES. 
are t h e  same as defined by t h e  b a s i c  CES. 
Def in i t i ons  of t h e  va r ious  elements 
Added elements inc lude  t h e  landing 
and c r u i s e  jet  engines,  h o r i z o n t a l  f l i g h t  t e s t i n g  and refurbishment .  
elements are descr ibed as follows: 
These added 
a. Landing and Cruise  Jet Engines - Includes t h e  c o s t  of  t h e  engines and 
t h e  necessary i n s t a l l a t i o n  items f o r  f u e l  and c o n t r o l s .  
b .  Hor i zon ta lF l igh t  Test ing - Includes in-plant  and remote s i t e  c o s t s  f o r  
t h e  horizontal take-off andlanding subsonic tes t  program. 
c. Refurbishment - Includes refurbishment c o s t s  f o r  repairs and modi f ica t ior  
r e s u l t i n g  from t h e  f l i g h t  test  program t o  maintain and r e t u r n  t h e  vehie-c 
t o  an ope ra t iona l  s t a t u s .  
The b a s i c  CES as developed f o r  t he  e n t r y  v e h i c l e  module wi th  above noted 
modi f ica t ions  i s  appl ied  t o  both t h e  o r b i t e r  and boost  v e h i c l e s .  
element e s s e n t i a l l y  rep laces  the  launch veh ic l e  element,  
p resent  t h e  CES as def ined f o r  t h i s  follow-on e f f o r t .  
The zero s t a g e  
F igures  4-1 through A-4 
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4.4 System Analysis  - The d e t a i l e d  c o s t  estimates generated us ing  the t o o l s  
discussed p rev ious ly  are presented i n  Appendix A. 
h e r e  i n  this  s e c t i o n  of t h e  r e p o r t  t o  g r a p h i c a l l y  p r e s e n t  t h e  d a t a  f o r  t r end  
a n a l y s i s  and easy  comparison. I n  gene ra l ,  t h e  t r e n d s  i n d i c a t e d  i n  t h i s  s tudy  a g r e e  
wi th  those  of t h e  b a s i c  OCPDM s tudy  as documented i n  Reference 4 .  
of t h e  r e p o r t  p r e s e n t s  concept "S" f o r  t h e  cons t an t  l e n g t h  and two cons t an t  AV 
cases, Concept % ' I ,  Concept ''M" and then some comparisons of a l l  t h r e e  concepts .  
The r e s u l t s  have been p l o t t e d  
Th i s  s e c t i o n  
4.4.1 
11S" , one w i t h  t h e  l e n g t h  f i x e d  a t  165 f e e t ,  and two w i t h  t h e  o r b i t e r  s t a g e  AV 
f ixed  a t  e i t h e r  18,790 FPS o r  20,890 FPS. 
Concept "S" - The s tudy considered t h r e e  v a r i a t i o n s  of t h e  Concept 
Figure 4-5 p r e s e n t s  t h e  t r e n d s  of t o t a l  c o s t  v e r s u s  payload s i z e  f o r  t h e  
cons t an t  l eng th  conf igu ra t ion .  The d i f f e r e n c e s  shown i n  ope ra t ing  philosophy 
are f o r  f o u r  d i f f e r e n t  t r a f f i c  rates covering t h e  range from 250,000 t o  2.5 
m i l l i o n  pounds p e r  year  de l ive red .  There appears  t o  be  a c o s t  minimum a t  a 
payload s i z e  near  50,000 pounds. There w e r e  i n s u f f i c i e n t  cases run t o e s t a b l i s h  
t h i s  c o s t  minimum l o c a t i o n ,  b u t  t h e  r e s u l t s  a g r e e w i t h  t r e n d s  ind ica t ed  i n  t h e  
b a s i c  OCPDM study,  Task 6 .  A s  expected, t h e  ILRV o p e r a t i o n a l  philosophy i s  t h e  
least c o s t l y  being approximately one q u a r t e r  of t h e  business-as-usual (BAU) 
philosophy shown and used i n  t h e  b a s i c  OCPDM study.  A s  t h e  payload s i z e  inc reases ,  
t h e  amount of t r a f f i c  t o  d e l i v e r  a given amount of payload reduces producing 
t h e  expected downward t r end  of t h e  c o s t  curve w i t h  i n c r e a s i n g  payload size.  
Payloads i n  excess of 50,000 pounds w e r e  n o t  considered.  
i n d i c a t e d  that payloads on t h e  o rde r  of 75,000 pounds are t h e  l e a s t - c o s t  s i z e  
f o r  very high t ra f f ic  programs. 
The b a s i c  OCPDM s tudy  
Figure 4-6 and 4-7 are c r o s s  p l o t s  of  t h e  d a t a  given i n  Figure 4-5 showing 
t h e  t o t a l  program c o s t  t r ends  as a f u n c t i o n  of t o t a l  payload de l ive red  and f l i g h t s  
per  yea r .  
year  are considered which is as expected f o r  t h i s  concept.  
Payload s i z e  has l i t t l e  e f f e c t  on t h e  t o t a l  c o s t s  when f l i g h t s  pe r  
Figures 4-8, 4-9 and 4-10 show va r ious  t r ends  of t h e  r e c u r r i n g  c o s t s .  For 
t h i s  s tudy,  r e c u r r i n g  c o s t s  are def ined as t h e  sum of t h e  investment and o p e r a t i o n a l  
c o s t s .  
expected, r e c u r r i n g  c o s t s  i n c r e a s e  with payload s i z e ;  however, i n  t h e  ILRV 
o p e r a t i o n a l  philosophy they are nea r ly  constant .  
amount of scatter t o  t h e  ILRV philosophy d a t a  i n d i c a t i n g  t h e  model used may b e  
ove r ly  s e n s i t i v e  t o  c e r t a i n  parameters. 
The number of f l i g h t s  used is  t h e  number of attempted launches. As 
I n  f a c t ,  t h e r e  is  a s i g n i f i c a n t  
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Figures  4 - l l Y  4-12, and 4-13 present  a breakdown of t he  ope ra t iona l  c o s t s  
f o r  t h e  50,000 pound payload s i z e  a t  t h e  8 m i l l i o n  pound t r a f f i c  rate i n d i c a t i n g  
t h a t  t h e  two major c o s t  c e n t e r s  are launch ope ra t ions  and r e c e r t i f i c a t i o n .  The 
c o s t  of p r o p e l l a n t s  are included i n  t h e  launch ope ra t ions  c o s t s  as noted i n  t h e  
d a t a  presented i n  t h e  appendix. 
c a t i o n  c o s t s  are very  s i g n i f i c a n t .  
For a l l  ope ra t iona l  ph i losophies ,  t h e  recertifi- 
Figure 4-14 p resen t s  t h e  t o t a l  program c o s t  t r ends  f o r  t h e  four  z e r o s t a g e s  
considered.  
NASA. 
were not  charged to  t h e  program. The c o s t s  of s o l i d  p rope l l an t  is included i n  
t h e  investment and r e c e r t i f i c a t i o n  c o s t  whereas t h e  c o s t s  of l i q u i d  p r o p e l l a n t s  
are included i n  t h e  launch opera t ions  c o s t s .  For t h i s  reason ,  t h e  r e c u r r i n g  c o s t s  
are more meaningful f o r  comparisons of t h e  f o u r  approaches. 
as a func t ion  of payload s i z e  and f l i g h t s  p e r  year are shown i n F i g u r e  4-15, 
and 4-16. 
The zero s t a g e  c o s t  model used i n  t h i s  s tudy w a s  suppl ied by t h e  
The development c o s t s  of t h e  s o l i d  s t a g e s  are cons ide redsunkcos t s  and 
The r ecu r r ing  c o s t s  
The r e c u r r i n g  c o s t s  p e r  f l i g h t  are shown i n  F igure  4-17. 
It should be  noted t h a t  only t h e  50,000 pound payload conf igura t ion  f o r  
Concept "S" represents  a near  optimum design po in t .  This  f a c t  should be taken 
i n t o  cons idera t ion  when comparing cos t s  wi th  the  o the r  payload s i z e s  analyzed. 
The cons tan t  AV Concept "S" considered two AV va lues ,  namely 18,790 and 
20,890 FPS. The t o t a l  program c o s t  t r ends  and t h e  r ecu r r ing  c o s t  t r ends  f o r  t h e  
AV = 18,790 FPS case  are shown i n  F igures  4-18 and 4-19 
are similar t o  those  f o r  t h e  cons tan t  l eng th  case  discussed previous ly .  
r ecu r r ing  c o s t  pe r  f l i g h t  i s  shown as a func t ion  of t h e  f l i g h t s  per  year  i n  
Figure 4-20. 
r e spec t ive ly .  The t r ends  
The 
The zero s t a g e  c o s t  t r ends  f o r  t h e  cons tan t  AV = 18,790 FPS case are shown 
i n  F igures  4-21, 4-22, 4-23, and 4-24. The r ecu r r ing  c o s t s  pe r  f l i g h t  as a 
func t ion  of payload s i z e  appears t o  have an  i n f l e c t i o n  poin t  a t  some t r a f f i c  
rate between t h e  8 m i l l i o n  and 1 5  m i l l i o n  pounds de l ivered .  
t h e r e  i s  some payload s i z e  which has  t h e  lowest c o s t  per  f l i g h t ,  above t h i s  va lue  
t h e  curve has  no bucket w i t h i n  t h e  range considered.  
Below t h i s  value 
The c o s t  t r end  curves  f o r  t h e  cons tan t  AV = 20,890 FPS Concept "S" case are 
shown i n  F igures  4-25 through 4-30. 
t o  those shown previous ly .  
They are similar i n  s h a p e  and 
a 
t rend  conclusions i 
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4.4.2 Concept "LL" - Concept "L" is  a more convent iona l  orb i te r -boos te r  
The c o s t  t r ends  as shown i n  F igure  4-31 of t o t a l  program c o s t s  combination. 
ve r sus  payload s i z e  are similar t o  t h e  d a t a  of Concept 
payload s i z e  f o r  t h e  ILRV ope ra t iona l  philosophy approach is around 30,000 pounds 
and f o r  t h e  BAU o p e r a t i o n a l  philosophy around 50,OOOpounds. 
i n c r e a s e  as the t r a f f i c  o r  t o t a l  payload de l ive red  inc reases .  
"S". The minimum c o s t  
Both opt imm s i z e s  
Payload s i z e  has some e f f e c t  on t o t a l  c o s t  is shown by Figure 4-32, The 
t rend  of  t o t a l  c o s t  as a func t ion  of t h e  f l i g h t s  per  year  are n e a r l y  l i n e a r  
i n d i c a t i n g  that t h e r e  i s  only  a small q u a n t i t y  improvement f a c t o r .  
Recurring c o s t s  are shown i n  F igure  4 -33 th rough  4-35. There seems t o  b e  a 
band of  c o s t s  f o r  t h e  r e c u r r i n g  c o s t s  as a f u n c t i o n  of t h e  number of f l i g h t s  p e r  
yea r ,  p a r t i c u l a r l y  f o r  t h e  ILRV ope ra t iona l  philosophy, which is i n s e n s i t i v e  t o  
t h e  payload s i z e .  
c o s t  v e r s u s  payload s i z e  due t o  t h e  s e n s i t i v i t y  of t h e  model used,  The 
t rend  of i nc reas ing  r e c u r r i n g  c o s t s  p e r  f l i g h t  wi th  inc reased  t r a f f i c  r e f l e c t s  
t he  increased  u n i t  r e c e r t i f i c a t i o n  c o s t s  f o r  t h e  h ighe r  usage experienced by each 
veh ic l e .  The r e c e r t i f i c a t i o n  model used at tempts  t o  r e f l e c t  a scheduled maintenance 
program with r e l a t i v e l y  uniform c o s t s  p e r  cyc le  upon which i s  superimposed a h igh  
cos t  upon completion of 25 f l i g h t s  r e f l e c t i n g  replacement of l i f e - l i m i t e d  items. 
This tends t o  raise the  r e c e r t i f i c a t i o n  c o s t s  p e r  f l i g h t  as t h e  v e h i c l e  makes more 
f l i g h t s .  
There i s  a l s o  some scatter i n  t h e  ILRV da ta  f o r  t h e  r e c u r r i n g  
Figure 4-36, 4-37 and 4-38 p resen t  t h e  breakdown of t h e  ope ra t iona l  cos t s  for 
each of t he  t h r e e  ope ra t iona l  ph i losophies .  A s  befo re ,  t h e  launch ope ra t ions  and 
the  r e c e r t i f i c a t i o n  are the  two major c o s t  cen te r s .  
4.4.3 Concept "M" - Concept "M" d a t a  i s  i n c o n s i s t e n t  f o r  t h e  lower payload 
The s i z e ,  
ILRV philosophy d a t a  shown i n  Figure 4-39 i n d i c a t e s  i n c r e a s i n g  rather than decreas ing  
t o t a l  program cos t s  as t h e  payload s i z e  i s  inc reased  f o r  a f ixed  t o t a l  payload 
de l ivered .  This  i s  no t  c o n s i s t e n t  w i th  experience and i n d i c a t e s  t h a t  t h e  c o s t s  
es t imated  are low f o r  t h e  12,500 pound payload s i z e .  
cos t s  and r ecu r r ing  cos t s  should be similar t o  Concept "L" and Concept "S" d a t a  
t rends .  However, t h e  d a t a  developed i s  presented  i n  Figures  4-40 through 4-43. 
It should be noted  t h a t  since t h e  curves are based on only t h r e e  d a t a  p o i n t s  t r ends  
can be somewhat misleading a t  times. 
This i s  probably due t o  t h e  over  o p t i m i s t i c  design no ted -p rev ious ly .  
The t r ends  of  t o t a l  program 
The ope ra t iona l  c o s t  breakdown f o r  t h e  
t h r e e  ope ra t ing  phi losophies  i s  shown i n  Figures  4-44, 4-45 and 4-46. 
4-43 
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concepts are shown i n  F igures  4-49 through 4-51. 
I n  Figures  4-47 t o  4-50 t h e  t o t a l  program c o s t  t r e n d s  are compared f o r  t h e  
ILRV ope ra t iona l  philosophy a t  t h e  f o u r  t o t a l  payloads d e l i v e r e d  (or  f o u r  t r a f f i c  
r a t e s ) .  
inconsis tency i n  t h i s  d a t a  i s  very apparent .  It is more reasonable  t o  expect 
t h e  curve shape t o  be  s i m i l a r  t o  t h e  Concept "L" curves and a t  about  t h e  same 
t o t a l  c o s t  f o r  a given payload s i z e .  
A s  noted i n  t h e  d i scuss ion  of t h e  Concept ''M" d a t a  above, t h e  
Figure 4-51 compares t h e  breakdown of t h e  t o t a l  c o s t s  f o r  each c o n f i g u r a t i o n  
and t h e  t h r e e  o p e r a t i o n a l  ph i lo soph ies .  A s  shown,the c o s t  of t h e  investment 
phases and o p e r a t i o n a l  phases are n e a r l y  equal .  There i s  no d i f f e r e n c e  i n  RDT&E 
phase c o s t s  due t o  t h e  ope ra t iona l  philosophy. 
Figure 4-52 compares zero s t a g e  t o t a l  c o s t s  f o r  t h e  t h r e e  cond i t ions  s t u d i e d .  
A s  expected t h e  c o s t s  i n c r e a s e  as t h e  s i z e  of t h e  zero s t a g e s  inc rease .  
zero s t a g e  f o r  t h e  AV = 18,790 case and t h e  cons t an t  l eng th  are t h e  same a t  
50,000 pounds. 
same zero s t a g e  a t  t h e  12,500 pound payload s i z e .  
The 
The AV = 20,890 FPS case and t h e  cons t an t  l e n g t h c a s e  have t h e  
4.4.4 Cost/Weight Comparison - The r e l a t i o n s h i p  of e s t ima ted  c o s t  and v e h i c l e  
t o t a l  d ry  weight i s  demonstrated by Figures 4-53 and 4-54. General c o s t  t rends wi th  
v e h i c l e  dry weight show a reasonable c o r r e l a t i o n  f o r  each type of  conf igu ra t ion .  
The d a t a  i n  each f i g u r e  i n d i c a t e s  t h e  s e n s i t i v i t y  of  e s t ima ted  c o s t  t o  t h e  v e h i c l e  
design and the subsystem t h a t  m a k e  up each v e h i c l e .  For t h e  RDT&E c o s t  given i n  
Figure 4-53 the  relative lower cos t  f o r  t h e  boos te r  i s  due t o  the  ground r u l e  of 
charging the o r b i t e r  w i th  t h e  primary development c o s t  of  a l l  common subsystems. 
The RDT&E c o s t  d i f f e r e n t i a l  w i t h  t h e  b a s i c  OCPDM c o s t  l i n e  developed during Task 6 
(Reference 4) i s  due t o  reduced q u a n t i t i e s  of tes t  hardware and r ev i sed  development 
program d e f i n i t i o n .  The number of o r b i t e r s  and boos te r s  used i n  t h e  development 
phase f o r  t he  follow-on s tudy w a s  2 i n s t e a d  o f  t h e  5 assumed i n  t h e  b a s i c  OCPDM 
study. Ground test hardware and t e s t i n g  w a s  a l s o  reduced p ropor t iona l ly .  The b a s i c  
OCPDM Task 6 c o s t s  are f o r  t h e  IIE conf igu ra t ion  and are only comparable t o  t h e  
o r b i t e r  v e h i c l e  cos t s .  A c o s t  reduct ion of approximately 1 b i l l i o n  d o l l a r s  i s  
r e a l i z e d  due t o  the  reduced development program defined f o r  t h i s  follow-on e f f o r t .  
The e s s e n t i a l  d i f f e r e n c e s  i n  t h e  development program between t h e  follow-on and b a s i c  
s tudy are cha rac t e r i zed  by t h e  changes i n  CER's  and groundrules noted previously.  
S imi l a r  t o  the  RDT&E c o s t ,  t h e  f i r s t  u n i t  c o s t  p re sen ted  i n  Figure 4-54 a l s o  
shows a reasonable c o r r e l a t i o n  of c o s t  and t o t a l  dry weight.  The c o s t  d i f f e r e n c e s  
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are primarily due to the vehicle design and subsystems makeup. 
results for the I I E  configuration are comparable to the more conventional Concept "L" 
and "M" vehicles. 
composite structure design. 
Prior OCPDM Task 6 
The Concept "S" vehicle higher cost i s  primarily due to the 
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A 1  Concept "S" Cost E s t i m a t e s  - The Concept "S" conf igu ra t ion  is  a Siamese 
conf igu ra t ion  t h a t  w a s  der ived from the o r b i t e r  s t a g e  of  t h e  two s t a g e  v e h i c l e  
developed by McDonnell Douglas f o r  SAMSO/AFSC, under Contract F047-01-69-C-0380. 
For t h i s  Siamese concept both of  t h e  co re  v e h i c l e s  are i d e n t i c a l  w i t h  t h e  
a d d i t i o n a l  AV required t o  achieve o r b i t  provided by e i t h e r  s o l i d  o r  l i q u i d  ze ro  
s t a g e s .  
gated. Three conf igu ra t ions  w e r e  de f ined  f o r  each payload s i z e  and have been 
designated by (1) cons tan t  v e h i c l e  l eng th  of 165 f t . ,  (2) constant  o r b i t e r  AV 
of 18,790 f p s  and (3) cons t an t  o r b i t e r  AV of 20,890 fps .  The cons t an t  l eng th  
case i s  t h e  b a s e l i n e  conf igu ra t ion .  
u r a t i o n  are presented i n  t h e  following s e c t i o n s .  
Both expendable and r euseab le  ze ro  s t a g e  conf igu ra t ions  w e r e  i n v e s t i -  
The c o s t  estimates prepared f o r  each config- 
A l . l  Concept " S " ,  Constant Vehicle Length of 165 Ft .  - This i s  t h e  b a s e l i n e  
conf igu ra t ion  of t h e  Concept "S" v e h i c l e  and has been def ined and est imated i n  
g r e a t e r  d e t a i l  than t h e  o t h e r  two "S" conf igu ra t ions .  The c o s t  estimates p r e -  
pared f o r  t h i s  conf igu ra t ion  are presented i n  t h e  fol lowing paragraphs. 
A l . l . l  T o t a l  Provram Cost - A t o t a l  program c o s t  summary is provided f o r  
each Concept "S" payload s i z e  i n  Table A-1 through A-3 f o r  t h e  constant  l eng th  
case. 
A1.1.2 Orbi ter /Booster  Cost Summary - A t o t a l  program c o s t  suinmary f o r  t h e  
Concept "S" cons tan t  l eng th  o r b i t e r  and boos te r  p o r t i o n  of t h e  c o s t  t o  be  added 
t o  t h e  va r ious  combinations of zero s t a g e s  i s  provided i n  Tables A-4 through A-9- 
A1.1.3 Cost Summaries by Phase - The c o s t  estimates f o r  t h e  o r b i t e r  and 
booster  f o r  t h e  RDT&E, Investment, and Operations Phases are presented i n  Tables 
A-10 through A-36. 
Figure A-1. The o p e r a t i o n a l  phase c o s t s  are broken down f o r  t h e  fou r  t r a f f i c  
rates, t h e  t h r e e  o p e r a t i o n a l  phi losophies  and t h r e e  payload s i z e s .  
are compared on t h e  b a r  c h a r t  of Figure A-2 f o r  t h e  t h r e e  o p e r a t i o n a l  phi losophies  
a t  t h r e e  payload s i z e s  and one t r a f f i c  rate. The same c o s t s  are shown i n  a p i e  
c h a r t  form i n  Figure A-3 and t h e  r e c e r t i f i c a t i o n  p o r t i o n  f u r t h e r  broken down i n  
Figure A-4. 
A1.1 .4  
Inventory requirements f o r  t h e  o p e r a t i o n a l  phase are shown i n  
These c o s t s  
Zero Stage Cost - The c o s t  estimates f o r  t h e  ze ro  s t a g e s  are presented 
i n  Tables A-37 through A-42. 
concepts w e r e  es t imated from r e l a t i o n s h i p s  supp l i ed  by t h e  NASA. The s o l i d  ze ro  
s t a g e  has t h e  p r o p e l l a n t  c o s t s  included i n  t h e  investment c o s t s  while  t h e  l i q u i d  
zero s t a g e s  have t h e  p r o p e l l a n t  c o s t s  included i n  t h e  launch ope ra t ions  c o s t s .  
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A1.2 Concept "S" Constant Orb i t e r  AV of 18,790 E'PS - For t h i s  conf igu ra t ion  
only gross  c o s t  estimates 
ve r sus  c o s t  f o r  RDTSIE and Investment. These r e s u l t s  are presented i n  t h e  
following paragraphs. 
were prepared from the p l o t  of vehicle d r y  weight 
A1.2.1 T o t a l  Program Cost - A t o t a l  program c o s t  summary is provided f o r  each 
Concept "S" payload s i z e  i n  Tables A-43 through A-45 f o r  t h e  18,790 f p s  cons t an t  
AV case. 
A1.2.2 Orbi ter /Booster  Cost Summary - A t o t a l  program c o s t  summary f o r  t h e  
Concept "S" cons tan t  AV o r b i t e r  and booster  p o r t i o n  of t h e  c o s t  t o  be  added t o  
t h e  va r ious  combinations of zero s t a g e s  i s  provided i n  Tables  A-46 through A-48. 
De ta i l ed  estimates were no t  prepared f o r  t h e  RDT&E phase o r  t h e  Investment 
Phase. 
A1.2.3 Operat ional  Phase Cost Summary - Operat ional  phase c o s t  estimates 
are presented i n  Tables A-49 through A-54. 
ope ra t iona l  philosophy only,  b u t  do cover t h e  four  t r a f f i c  rates and t h e  t h r e e  
payload s i z e s .  The p r o p e l l a n t  c o s t  f o r  t h e  l i q u i d  s t a g e s  i s  included i n  t h e  
launch ope ra t ions  c o s t s  while  t h e  p rope l l an t  c o s t s  f o r  t h e  s o l i d  s t a g e s  are 
included i n  t h e  investment c o s t s .  
These w e r e  developed f o r  t h e  ILRV 
A1.2.4 Zero Stage Cost - The cos t  estimates f o r  t h e  ze ro  s t a g e s  are presented 
i n  Tables A-55 through A-60. 
A1.3 Concept "S", Constant O r b i t e r  AB of 20,890 f p s  - For t h i s  conf igu ra t ion  
only g ross  cos t  estimates were prepared from t h e  p l o t  of v e h i c l e  dry weight 
versus  cos t  
paragraphs. 





t h e  va r ious  
f o r  RDTSIE and Investment. These r e s u l t s  are presented i n  t h e  following 
T o t a l  Program Cost - A t o t a l  program c o s t  summary is  provided f o r  each 
payload s i z e  i n  Tables A-61 through A-63 f o r  t h e  20,890 f p s  constant  
Orbi ter /Booster  Cost Summary - A t o t a l  program c o s t  summary f o r  t h e  
c o n s t a n t  AV o r b i t e r  and boos te r  po r t ion  of t h e  c o s t  t o  be  added t o  
combinations of ze ro  s t a g e s  is  provided i n  Tables A-64 through A-66. 
Detai led estimates w e r e  n o t  prepared f o r  t h e  RDTSIE phase o r  t h e  Investment phase. 
A1.3.3 Operat ional  Phase Cost Summary - o p e r a t i o n a l  phase c o s t  estimates are 
presented i n  Tables A-67 through A-72. 
Al.3.4 Zero Stage Cost - The c o s t  estimates f o r  t h e  z e r o  s t a g e  are presented 
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Payload Size - 1000 Lbs. 
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CONCEPT "S" CORE VEHICLE 
OPERATIONAL COST BREAKDOWN 
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STUDY 
CONCEPT S CORE VEHICLE 
RECERTIFICATION COST 
BREAKDOWN BY PHILOSOPHY 
AND PAYLOAD SIZE 
Mater ia ls  92.8% 
ILRV 
($587 x lo6 TRC) 




($297 x lo6 TRC) 




($6416 x lo6 TRC) 
Labor 3.5% 
Labor 4.7% 
Mater ia ls  95.3% 
BAU 
($10,549 x lo6 TRC) 
Labor 4.8% 
Intermediate 
$3284 x lo6 TRC) 
Labor 3.8% 
BAU 
($5817 x lo6 TRC) 
Labor 4.8% 
ILRV 
($133 x lo6 TRC) 
Intermediate 
($1699 x lo6 TRC) 
BAU 
($3183 x lo6 TRC) 
A- 8 FIGURE A-4 
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Table A-1 
Total Program Cost Summary 
12.5 K Concept "SI' (Millions g f  1969 Dollars) 
ILRV PHILOSOPHY , CONSTANT LENGTH=165 F' 
Total Payload = 2.5'Mill ion Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload = 8.0 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload = 15 Mil l ion  Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload = 25 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
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Total Program Cost Summary 




















Total Payload = 2.5'Mill ion Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload = 8.0 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload = 15 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload = 25 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
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Table A-3 
Total Program Cost Summary 
50 K Concept "S" (Mill ions o f  1969 Dollars) 
ILRV PHILOSOPHY , CONSTANT LENGTH=165 F1 
Total Payload = 2.5'Mill ion Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload = 8.0 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload = 15 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload = 25 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
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Table A-4 
12.5 K Concept "S" (Mill ions of 1969 Dollars) 
Orbi ter/Boos ter  Cost Summary 
CQ&IBIT I FNGTH - 5 FT. 
Total Payload Weight = 2.5 Million Lb 
ILRV Operational P h i  losophy 
Contract Def i n i  t i  on Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate Operational Philosophy 
Contract Def i ni t i  on Phase 
ROT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current Operational Philosophy 
Contract Definit ion Phase 
RDT & E Phase 
Invesement Phase 
Operational Phase 
Total Program Cost 
Total Payload Weight = 8.0 Million Lh 
ILRV Operational Phi loso hy 
Contract Definit ion P R ase  
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate Operational Philosophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current Operational Philosophy 
Contract Definit ion Phase 
ROT & E Phase 
Investment Phase 
Operational Phase 
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Table A-5 
12.5 K Concept "S" (Millions of 1969 Dollars) 
Orbi ter/Boos ter Cost Summary 
CONSTANT LENGTH = 165 FT. 
Total Payload Weight = 15 Million Lb. 
ILRV Operational Philosophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate Operational P h i  losophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current Operational P h i  losophy 
Contract Def i ni t i  on Phase 
RDT & E Phase 
Invesement Phase 
Operational Phase 
Total Program Cost 
Total Payload Weight = 25 Million Lb. 
ILRV Operational Philosophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate Operational P h i  losophy 
Contract Definition Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current Operati onal P h i  1 osophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
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Table A-6 
Orbi ter/Boos ter Cost Summary 
K Concept "S" (Millions o f  1969 Dollars) 25 
Total Payload Weight= 2.5 Million Lb. 
ILRV Operational P h i  losophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate Operational Philosophy 
Contract Def i ni t i  on Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current Operational Phi losophy 
Contract Definit ion Phase 
RDT & E Phase 
Invesement Phase 
Operational Phase 
Total Program Cost 
Total Payload Weight = 8 Million Lb. 
ILRV Operational Philosophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermedi a t e  Operational P h i  1 osophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current Operational P h i  1 osophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
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Table A-7 
Orbi ter/Boos ter Cost Summary 
25 K Concept "S" (Mill ions of 1969 Dollars) 
CONSTANT LENGTH = 165 FT. 
Total Payload Weight = 15 Million Lb. 
ILRV Operational Philosophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate Operational Philosophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current Operational Philosophy 
Contract Definit ion Phase 
RDT & E Phase 
Invesement Phase 
Operational Phase 
Total Program Cost 
Total Payload Weight = 25 Million Lb. 
ILRV Operational Philosophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Opera t i ona 1 Phase 
Total Program Cost 
Intermediate Operati-onal Philosophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current Operational P h i  1 osophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
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Table A-8  
Orbiter/Booster Cost Summary 
K Concept "S" (Millions of 1969 Dollars) 50 
CONSTANT LENGTH = 165 FT. 
Total Payload Weight = 2.5 Million Lb 
ILRV Operational Philosophy 
Contract Def i ni ti on Phase 
RDT & E Phase 
Investment Phase 
Oper a t  i onal Phase 
Total Program Cost 
Intermediate Operational Philosophy 
Contract Def i ni t i  on Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current Operational Phi losophy 
Contract Definit ion Phase 
RDT & E Phase 
Invesement Phase 
Operational Phase 
Total Program Cost 
Total Payload Weight = 8.0 Million Lb 
ILRV Operational Philoso hy 
Contract Definition P R ase  
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate Operational Philosophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current Operational Phi losophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
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Table A-9 
Orb i  ter/Boos t e r  Cost Summary 
50 K Concept "S" ( M i l l i o n s  o f  1969 D o l l a r s )  
CONSTANT LENGTH = 165 FT. 
T o t a l  Payload Weight= 15 M i l l i o n  Lb. 
ILRV Operat ional  Phi losophy 
Contract  D e f i n i t i o n  Phase 
RDT & E Phase 
Investment Phase 
Operat ional  Phase 
Tota l  Program Cost 
In termediate Operat ional  Phi losophy 
Contract  D e f i n i t i o n  Phase 
RDT & E Phase 
Investment Phase 
Operat ional  Phase 
Tota l  Program Cost 
Current Operat ional  Philosophy 
Contract  D e f i n i t i o n  Phase 
RDT & E Phase 
Invesement Phase 
Operat ional  Phase 
Tota l  Program Cost 
To ta l  Payload Weight = 25 M i l l i o n  Lb, 
ILRV Operat ional  Phi losophy 
Contract  D e f i n i t i o n  Phase 
RDT & E Phase 
Investment Phase 
Operat ional  Phase 
Tota l  Program Cost 
Intermediate Operational Phi losophy 
Contract  D e f i n i t i o n  Phase 
RDT & E Phase 
Investment Phase 
Operat ional  Phase 
Tota l  Program Cost 
Current Operational Phi 1 osophy 
Contract  D e f i n i t i o n  Phase 
RDT & E Phase 
Investment Phase 
Operat ional  Phase 
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Table A-10 
RDT&E, Contract Definit ion Phase Cost Summary 
12.5 K Concept "S" (Millions of 1969 Dollars)  
C n w T  IF0U;IH - E; FT- 
Contract Definit ion Phase 
Basic Cost 
Project  Management 
Sub t o t  a1 
Fee 
Subtotal 
Program Office Management 
Total Contract Definit ion 
RDT&E Phase 




Avi oni cs 
, Propulsion 
J e t  
O r b i t  Maneuver 




Total Subsystems D&D 
AGE & Special Test Equipment  
Launch Faci 1 i t i e s  
Trainers & Simulators 
System Integrat ion 
Sys tem En gi nee ri n g 
Wind Tunnel  Test  
S t a t i c  Fire  Test 
Ground Test Hardware 
F1 i ght Test Hardware 
F l igh t  Test Hardware Spares 
Mock ups 
Horizontal F l i g h t  Testing 
Vertical  F l igh t  Testing 
Refurbi s hmn t 
Total System Integration 
Total Basic RDT&E 
Project  Management 
Fee 
Program Office Management 
Subtotal 
Sub t o  t a l  
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Table A-11 
RDT&E, Contract Definition Phase Cost Summary 
K Concept "S" (Millions o f  1969 Dollars)  25 
CONSTANT LENGTH = 165 FT. 
Contract Definit ion Phase 
Basic Cost 




Program Office Management 
Total Contract Definit ion 
RDT&E Phase 
Subsystems Des i gn & Devel opment 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
. Propulsion 
Je t  
O r b i t  Maneuver 




Total Subsystems D&D 
AGE & Special Test Equipment 
Launch Faci 1 i t ies 
Trainers & Simulators 
System Integrat ion 
System Engineering 
Wind Tunnel  Test 
S t a t i c  Fire Test 
Ground Test Hardware 
F1 i ght Test Hardware 
F1 i ght Test Hardware Spares 
Mock ups 
Hori zon t a l  F1 i gh t Tes t i  ng 
Vertical  F l igh t  Testing 
Refurbishment 
Total System Integrat ion 
Total Basic RDT&E 
Pro jec t  Management 
Fee 
Program Office Management 
Subto t a l  
Sub t o t  a1 
Total RDT&E Phase 
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Table A-12 
RDT&E, Contract Definition Phase Cost Summary 
50 K Concept "S" (Millions of 1969 Dollars)  
CONSTANT I ENGTH - 5 FT. 





Subto t a l  
Program Office Management 
Total Contract Definit ion 
- 
RDT&E Phase 
Subsystems Des i gn & Devel opmen t 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
. Propulsion 
Jet  
O r b i t  Maneuver 




Total Subsystems D&D 
AGE & Speci a1 Test Equipment  
Launch Faci 1 i t ies 
Trainers & Si mu1 a t o r s  
System Integrat ion 
Sys tern En gi  neeri n g  
Wind Tunnel Test 
S t a t i c  Fire Test 
Ground Test Hardware 
F l igh t  Test Hardware 
Fl ight  Test Hardware Spares 
Mo c k ups 
Horizontal F l i g h t  Testing 
Vertical  F l igh t  Testing 
Refurbishment 
Total System Integrat ion 
Total Basic RDT&E 
Pro jec t  Management 
Fee 
Program Office Management 
Subtotal 
Subtotal 
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Table A-13 
Investment Phase Cost Summary 
(Mill ions o f  1969 Dollars)  





Avi oni cs 
Propul s i on 
Drop-in Tank 
Final Assembly & Checkout 
Sus t a i  n i ng Engi neeri ng 
Sus t a i  n i n g Tool i n g 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti t y  o f  Vehi cl es 
Intermedi a t e  P h i  1 osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propulsion 
Drop-in Tank 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty  of Vehi cl e s  




Avi oni cs 
Propulsion 
. Drop-in Tank 
Final Assembly 81 Checkout 
Sus t a i  n i  n g  Engi neeri ng 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
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Table A-14 
Investment Phase Cost Summary 
(Mill ions of 1969 Dollars) 
12.5K Concept I 1 S l 1  9 8 M LB Total Payload Delivered, 10 Years 
ILRV Philosophy 




Propul s i  on 
Drop-in Tank 
Final Assembly & Checkout 
Sus t a i  n i ng En g i  neeri ng 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti t y  of Veh i cl es 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
Drop-in Tank 
Final Assembly & Checkout 
Sus t a i  n i n g Engi nee ri ng  
Sus t a i  n i  ng Tool i n  g 
Ini ti a1 Spares 
Project  Management 
Fee 
To t a l  
Program Offi ce Management 
Total Cost 
In temedi  a t e  Phi 1 osophy 
Quantity o f  Vehicles 
Current Ph i IOSOPhY 
Thermal / S t  rucfure 
Power Supply 
ECLS 
Avi on i cs 
Propul si  on 
. Drop- i n Tank 
Final Assembly & Checkout 
Sus t a i  n i n g Engi nee ri n g 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
A- 
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Investment Phase Cost Summary 
(Mill ions of 1969 Dollars) 
12.5 K ConceDt llsll, 15 M LB Total Payload Delivered, 10 Years 
ILRV Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
Drop-in Tank 
Final Asserbly & Checkout 
Sus t a i  n i ng En g i  neeri ng 
Sus t a i  n i  n g Tool i ng 
Ini  t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehi cl  es 
In temedia te  Philosophy 
The rma 1 /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
Drop-in Tank 
Final Assembly & Checkout 
Sus .tai n i n g Engi nee r i  ng  
Sustaining Tool i n g  
Ini ti a1 Spares 
Pro jec t  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 
Quanti t y  of Vehi cl  es 
C u r r e n t  P h i  losophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propul s i  on 
. Drop-in Tank 
Final Asserbly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
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Table A-16 
Investment Phase Cost Summary 
(Millions of 1969 Dollars) 
12.5K Concept ilsii, 25 M LB Total Payload Delivered, 10 Years 
ILRV Philosophy 
Thermal /Structure 
Powe r Sup p 1 y 
ECLS 
Avi oni cs 
Propul si on 
Drop-in Tank 
Final Assembly & Checkout 
Sustai ning Engineering 
Sustaining Tooling 
Ini ti a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti  t y  of Vehi cl es 
Intermediate Philosophy . -  
Thermal /Structure  
Power Sup ply 
ECLS 
Avi oni cs 
Propulsion 
Drop-in Tank 
Final Assembly & Checkout 
Sus t a i  n i n g Engi nee ri ng 
Sustaining Tooling 
Ini ti a1 Spares 
Pro jec t  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 
Quanti t y  of Vehi cl  es 




Avi oni cs 
Propulsion 
. Drop-in Tank 
Final Assembly & Checkout 
Sus t a i  n i  n g Engi nee ri n g 
Sus t a i  n i ng Tool i n g 
Ini t i  a1 Spares 
Pro jec t  Man a gemen t 
Fee 
Total 














































26 , 087 
261 
26 3% 













































2 , 363 

















3 , 778 
38 
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STUDY Optimized CostlPerformance Design Methodology 
Table A-17 
Investment Phase Cost Summary 
(Mill ions of 1969 Dollars)  
Payload Delivered, 10 Y 25 K Concept "S", 2.5 M LB Tot i  
ILRV Philosophy 
The rma 1 / S t ru c t u re 
Power Sup p 1 y 
ECLS 
Avi oni cs 
Propul si on 
Drop-in Tank 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti t y  of Vehi cl es 
Intemedi  a t e  Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
Drop-in Tank 
Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  ng  Tool i n  g 
Ini ti a1 Spares 
Pro jec t  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 
Quantity of  Vehicles 
Current P h i  I osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propul s i on 
. Drop-in Tank 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
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2MARCH 1970 Optimized CostlPerforrnance Design Methodology 
Table A-18 
25 K ConceDt " S " ,  8 M LB Total Payload Delivered, 10 Years 
Investment Phase Cost Summary 
(Millions of 1969 Dollars) 
ILRV Philosophy 
Thermal /Structure  





Final Asserrjbly & Checkout 
Sus t a i  n i ng En g i  neeri ng 
Sustaining Tooling 
Ini  ti a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti t y  of Veh i cl es 
Intermediate P h i  losophy . -  
The rmal /Structure  
Powe r S up p 1 y 
ECLS 
Avi on i cs 
Propulsion 
Drop-in Tank 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini  ti  a1 Spares 
Project  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 
Quant i ty  o f  Vehicles 
C u r r e n t  P h i  losophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propul si on 
. Drop-in Tank 
Final Asserrjbly & Checkout 
Sus t a i  n i  ng Engi neeri ng 
Sustaining Tooling 
Ini t i  a1 Spares 
Pro jec t  Management 
Fee 
Total 






















































































































































4 , 300 
1,790 
FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Optimized CostlPerformance Design Methodology STUDY 
Table A-19 
Investment Phase Cost Summary 
(Mill ions of 1969 Dollars) 








Final Assenbly & Checkout 
Sus t a i  n i ng Engi neeri ng 
Sus t a i  n i  ng  Tool i n g  
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti t y  of Vehi cl es 
Intemedi  a t e  P h i  losoPhv 
,.I 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
Drop-in Tank 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tool i n g  
Ini ti a1 Spares 
Project  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 
Quanti t y  of Vehicles 




Avi on i cs 
Propulsion 
. Drop-in Tank 
Final Assembly & Checkout 
Sus t a i  n i  ng En gi nee ri n g 
Sustaining Tooling 
Ini  t i  a1 Spares 
Pro jec t  Management 
Fee 
Total 
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Table A-20 
25 K ConceDt lisii 25 M LB Total Payload Delivered, 10 Years 
Investment Phase Cost Summary 
(Mi 11 ions of 1969 Dol 1 a r s )  
ILRV Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs  
Propul si on 
Drop-in Tank 
Final Assenbly & Checkout 
Sus t a i  n ing En g i  neeri ng 
Sustaining Tooling 
Ini  t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti t y  of Vehi cl es 




Avi oni cs 
Propul si on 
Drop-in Tank 
Final Assembly & Checkout 
Sustaining Engineering 
Sustai ni ng Tool i n g  
Ini  ti a1 Spares 
Project  Management 
Fee 
’ Total 
Program Office Management 
Total Cost 
Quantity of Vehicles 
C u r r e n t  P h i  losophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propulsion 
. Drop- i n Tank 
Final Assembly & Checkout 
Sus t a i  n i ng Engi nee ri ng 
Sustaining Tooling 
Ini  ti a1 Spares 
Pro jec t  Management 
Fee 
Total 
























































































































































FOLLOW ON REPORT MDC E0109 
STUDY Optimized Cost/Performance Design Methodology 2 MARCH 1970 
Table A-21 
Investment Phase Cost Summary 
(Mill ions of 1969 Dollars) 
2.5 M LB Total Payload Delivered, 10 Years 50 K ConceDt "S" 
ILRV Philosophy 
Thermal /Structure 
Powe r Sup p 1 y 
ECLS 
Avi oni cs 
Propulsion 
Drop-in Tank 
Final Assembly & Checkout 
Sus t a i  n i ng Engi nee ri ng 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehi cl  es 
Inte-rmedi a t e  Philosophy 




Propu 1 si on 
Drop-in Tank 
Final Assembly & Checkout 
Sustaining Engineering 
Sus t ai  n i n g Tool i n g 
Ini t i  a1 Spares 
Project  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 
Quant i ty  o f  Vehicles 
C u r r e n t  P h i  losophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
. Drop-in Tank 
Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  ng Tool i n  g 
Ini t i  a1 Spares 
Pro jec t  Management 
Fee 
Total 
Program Office Management 
Total Cost 











































































































FOLLOW ON REPORT MDC E0109 
2MARCH 1970 Optimized Cost/Performance Design Methodology STUDY 
Table A-22 
Investment Phase Cost Summary 
(Mill ions of 1969 Dollars) 
50K ConceDt IiSil, 8 M LB Total Payload Delivered, 10 Years 
ILRV Philosophy 
Thermal /S tructu re  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
Drop-in Tank 
Final Assenbly & Checkout 
Sustaining Engineering 
Sustaining Tooling 




Program Office Management 
Total Cost 
Quanti t y  of Vehi cl es 
Intermediate Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Pro pu 1 s i on 
Drop-in Tank 
Final Assembly & Checkout 
Sustaining Engineering 
S us t ai n i n g Tool i n g 
Ini  ti a1 Spares 
Project  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 





Avi oni cs 
Propulsion 
. Drop-in Tank 
Final Asserrlbly & Checkout 
Sus t a i  n i  n g  Engi nee r i n g  
Sus t a i  n i  ng  Tool i ng 
Ini  t i  a1 Spares 
Project  Management 
Fee 
Total 
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Table A-23 
Investment Phase Cost Summary 
ORBITf R 
ILRV Philosophy 
The rmal /Structure  
Power Su pp 1 y 
ECLS 
Avi oni cs 
Propul si  on 
Drop-in Tank 
Final Assenbly & Checkout 
Sus t a i  ni ng Engi neeri ng 
Sustaining Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti t y  of Veh i cl es 
In temnedi a t e  P h i  1 osophy I_ . -  
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propulsion 
Drop-in Tank 
Final Assembly & Checkout 
Sus t a i  ni n g Engi neeri ng  
Sustaining Tooling 
Ini ti a1 Spares 
Pro jec t  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 
Quanti ty  of Vehi cl  es 
Current Ph i  losophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propul s i on 
.Drop-in Tank 
Final Assembly & Checkout 
Sus t a i  n i  ng  Engi neeri ng 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
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2 MARCH 1970 Optimized CosVPerformance Design Methodology 
Table A-24 
50 K ConceDt "S" 25 M LB Total Payload Delivered, 10 Years 
Investment Phase Cost Summary 
(Mill ions o f  1969 Dollars) 
ILRV Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs  
Propulsion 
Drop-in Tank 
Final Assembly & Checkout 
Sus t a i  ning Engi neeri ng 
Sus t a i  n i  ng  Tool i ng 




Program Office Management 
Total Cost 
Quanti t y  of Vehi cl es 
Intermediate Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
P ropul si on 
Drop-in Tank 
Final Assembly & Checkout 
Sustaining Engi neeri ng  
S us t ai n i n g Tool i n g 
Ini ti a1 Spares 
Project  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 
Quanti ty  of Vehicles 
Current Phi IosoDhV 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
. Drop-in Tank 
Final Assembly & Checkout 
Sus t a i  n i n g En gi nee ri n g 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
A 
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Table A-25 
(Mill ions of 1369 Dollars) 
Operational Phase Cost Summary 
12:5 K ConceptSy2.5M LB Total Payload Delivered, 10 Years 
CONSTANT 1 ENGTH - 5 FT. 
ILRV ( 203 Launches) 
- 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sus t a i  ni ng Spares 
Recert i f icat ion 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 205 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti fi cation 
Fee 
Program Office Management 
Total Operations 
~~~~ 
C u r r e n t  ( 208 Launches) 
Launch Opera ti  ons 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support 81 Sustaining Engr 
Sustaining Spares 
Recerti f i  c a t i  on 
Fee 






1 .3  


























































































MCDONNELL DOUGLAS ASTRONAUTlCS 
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. .  Table A-26 
Operational Phase Cost Summary 
(Mill ions of 1369 Dollars) 
12.5 K Concept's:' 8 M LB Total Payload Delivered, 10 Years 
CONSTANT LENGTH = 165 FT. 
ILRV ( 650 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech S u p p o r t  & Sustaining Engr 
Sus t a i  n i  ng Spares 
Recert i f icat ion 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 656 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Suppor t  
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti fi cation 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 662 Launches ) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 






























































































WCDQNNELL DOUGLAS ASrHONAUNCS 
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2 MARCH 1970 Optimized Cost/Performance Design Methodology STUDY 
Tab1 e A-27 
( M i l l i o n s  o f  1369 D o l l a r s )  
Operational Phase Cost Summary 
12.5 K Concept “S:‘15 M LB To ta l  Payload Delivered, 10 Years 
CONSTAN T LFNGTH - 5 FT. 
ILRV ( 1218 Launches) 
- 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T r a i n i n g  & Mission Support 
Age & F a c i l i t y  Maintenance 
Re cove ry 
Transpor ta t ion  
Tech Support & Sustaining Engr 
Sustaining Spares 
R e c e r t i f i c a t i o n  
Fee 
Program O f f i c e  Management 
To t a l  Operations 
Intermediate ( 1231 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T ra in ing  & Mission Support 
Age & F a c i l i t y  Maintenance 
Re co ve ry 
Transportat ion 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recert i  f i  ca t i on  
Fee 
Program O f f i c e  Management 
To ta l  Operations 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T ra in ing  & Mission Support 
Age & F a c i l i t y  Maintenance 
Re cove ry 
Transpor ta t ion  
Tech Support & Sustaining Engr 
Sustaining Spares 
Recer t i  f i  c a t i o n  
Fee 
Program O f f i c e  Management 
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Table A-28 
Operational Phase Cost Summary 
( M i  1 1 ions of 1969 Dol 1 ars ) 
12.5 K Concept “St’,25M LB Total Payload Delivered, 10 Years - 
CONSTANT LENGTH = 165 FT. 
ILRV (2030 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
-~ 
Intermediate ( 2051 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sus t a i  n i  ng , Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 2061 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
A g e  & F a c i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recer t i f ica t ion  
Fee 
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Table A-29 
Operational Phase Cost Summary 
(Millions of 11469 Dollars) 
25 K Concept'si2.5 M LB Total Payload Delivered, 10 Years 
CONS TANT LE NGTH = 165 FT. 
ILRV ( 101 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Off1 ce Management 
To t a l  Operations 
Intermediate ( 102 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Suppor t  
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining , Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 105 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Suppor t  
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
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. .  Table A-30 
Operational Phase Cost Summary 
( M i l l i o n s  o f  1369 D o l l a r s )  
25 K Concept 'IS: 8 M LB To ta l  Payload Delivered, 10 Years 
CONSTANT I FNGTH - 5 FT. 
ILRV ( 325 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T r a i n i n g  & Mission Support 
Age & F a c i l i t y  Maintenance 
Re cove ry 
Transpor ta t ion  
Tech Support & Sus ta in ing  Engr 
Sustaining Spares 
R e c e r t i f i c a t i o n  
Fee 
Program O f f i c e  Management 
To ta l  Operations 
Intermediate ( 328 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T ra in ing  & Mission Support 
Age & Faci 1 i t y  Maintenance 
Re co ve ry 
Transpor ta t ion  
Tech Support & Sus ta in ing  Engr 
Sustaining Spares 
Recer t i  fi c a t i o n  
Fee 
Program O f f i c e  Management 
To ta l  Operations 
Current ( 332 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T ra in ing  & Mission Support 
Age & F a c i l i t y  Maintenance 
Re co ve ry 
Transpor ta t ion  
Tech Support & Sus ta in ing  Engr 
Sustaining Spares 
R e c e r t i f i c a t i o n  
Fee 
Program Of f i ce  Management 
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2 MARCH 1970 Optimized Cost/Performance Design Methodology STUDY 
Table A-31 . -  
Operational Phase Cost Summary 
(Millions o f  1369 Dollars) 
25 K Concept"SY15 M LB Total Payload Delivered, 10 Years 
ILRY ( 609 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Re ce r t  i f i ca ti  on 
Fee 
Program Office Management 
Total Operations 
Intermedi ate ( 61 5 Launches ) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 621 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
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Optimized Cost/Perfotmance Design Methodology 
Table A-32 
Operational Phase Cost Summary 
(Mill ions of 1369 Dollars) 
25 K Concept”S; 2 9  LB Total Payload Delivered, 10 Years 
TANT I FNCTCI - E; FT 
ILRV ( 1015 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recer t i f ica t ion  
Fee 
Program Office Management 
Total Operations 
Intermediate ( 1025 Launches) 
Launch Operations 
Propel 1 an ts  
Launch Area Support 
T ra in ing  & Mission Support 
Age & Faci 1 i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti fi cat ion 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 1032 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Faci 1 i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recer t i f ica t ion  
Fee 
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Table A-33 . .  
Operational Phase Cost Summary 
(Mill ions of 1369 Dollars) 
50 K Concept"Sy2.5M LB Total Payload Delivered, 10 Years 
CONSTANT LENGTH = 165 FT. 
ILRV ( 51 Launches) 
Launch Opera t i  ons 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Faci 1 i t y  Mai n tenance 
Re cove ry 
Transportat  i on 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
~~~ 
Intermediate ( 51 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support  
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportati  on 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 53 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support  
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 





















































































































REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodology 
Table A-34 . .  
Operational Phase Cost Summary 
(Mill ions of 1369 Dollars) 
50 K Concept "S: 8 M LB Total Payload Delivered, 10 Years 
CONSTANT LENGTH = 165 FT. 
ILRV ( 162 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 164 Launches) 
Launch Operations 
Propel 1 an ts  
Launch Area Suppor t  
Tra in ing  & Mission Support 
Age & Faci 1 i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 167 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery ' 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 































































































WCDONNELL DOUGLAS ASTRONAUTlCS 
















FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 
Optimized Cost/Performance Design Methodology STUDY 
Table A-35 
(Millions o f  1369 Dollars) 
Operational Phase Cost Summary 
50 K Concept '~:15M LB Total Payload Delivered, 10 Years 
IIIINqTANT I F S T U  - 
ILRV ( 304 Launches) 
Launch Operations 
Propel 1 an ts  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Trans porta t i on 
Tech S u p p o r t  & Sustaining Engr 
Sustaining Spares 
Recert i f icat ion 
Fee 
Program Office Management 
To t a l  Operations 
Intermediate ( 308 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recert i f icat ion 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 31 1 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 




















































































































REPORT MDC E0109 
2 MARCH 1970 
Optimized Cost/Performance Design Methodology 
Table A-36 
Operational Phase Cost Summary 
( M i l l i o n s  o f  1369 D o l l a r s )  
50 K Concept 'SZ25 M LB To ta l  Payload Delivered, 10 Years 
C O N S T U T H  - 5 FT. 
ILRV ( 507 Launches) 
Laun ch Ope r a  ti ons 
Propel 1 ants 
Launch Area Support 
T r a i n i n g  & Miss ion Support 
Age & F a c i l i t y  Maintenance 
Re cove ry 
Transpor ta t ion  
Tech Support & Susta in ing Engr 
Susta in ing Spares 
R e c e r t i f i c a t i o n  
Fee 
Program O f f i  ce Management 
To ta l  Operations 
In termediate ( 51 3 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T ra in ing  & Miss ion Support 
Age & F a c i l i t y  Maintenance 
Re cove ry 
Transpor ta t ion  
Tech Support & Susta in ing Engr 
Susta in ing Spares 
Recer t i  f i c a t i o n  
Fee 
Program Office Management 
To ta l  Operations 
Current ( 518 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T ra in ing  & Miss ion Support 
Age & F a c i l i t y  Maintenance 
Recovery 
Transpor ta t ion  
Tech Support & Susta in ing Engr 
Susta in ing Spares 
R e c e r t i f i c a t i o n  
Fee 
Program Office Management 










































































































MCDONNEbL DOUGLAS ASTRONAUTICS 
FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 
Optimized Cost/Performance Design Methodology STUDY 
Table A-37 
12.5 K Payload/Launch (Millions o f  1969 Dollars) 
Stage Zero Cost Summary 
Cons tan t Length=l65 Feet 




Operational Hardware (Expended) 
Recurring Subtotal 
Total 




Operational Hardware (Expended) 
Re cur ri n g Sub t o t a1 
Total 




Operational Hardware (Expended) 
Recurring Subtotal 
Total 











































































































FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 
Optimized Cost/Performance D e s i g ~  Methodology STUDY 
Table A-38 
Stage Zero Cost Summary 
Constant Length=165 Feet 
25 K Payload/Launch (Millions o f  1969 Dollars) 




Operational Hardware (Expended) 
Recurring Subtotal 
Total 




Operational Hardware (Expended) 
Recurring Subtotal 
Total 




Operational Hardware (Expended) 
Recurring Subtotal 
Total 




Operational Hardware (Expended) 








































































































REPORT MDC E0109 
2 MARCH 1970 
Optimized CostlPerformance Design Methodology 
Table A-39 
Stage Zero Cost Summary 
Constant Length=165 Feet 







Operational Hardware (Expended) 
Recurring Subtotal 














Recurring Subtotal 1860.9 
Total 2076.7 







Operational Hardware (Expended) 
Recurring Subtotal 2885.9 
Total 3101.7 




Recurring Subtotal 5339.5 
Tot a1 5555.3 






















1 790 .O 
A-47 






















































STUDY Optimized Cost/Performance Design Methodology 
Table A-40 
Stage Zero Operational Cost Summary 
(Mill ions of 1969 Dollars) 
Constant Length = 165 Feet 
* REPORT MDC E0109 
2 MARCH 1970 
I PAYLOAD SIZE = 12.5K 
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i ng En gi neeri n g 
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
Program Office Management 
Tot a1 Ope r a t  i ons 
Total Payload Delivered = 8x10b Lb 
Launch Operations 
AGE & Faci 1 i t y  Maintenance 
Recovery & Transportation 
Sustaining Engineering 
Sus t a i  n i  ng Spares 
Recert i f icat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered = 1 5 ~ 1 0 ~  Lb 
Launch Operations 
AGE & Faci 1 i ty  Maintenance 
Recovery & Transportation 
Sustaining Engineering 
Sustaining Spares 
Recerti f i  cat ion 
Fee & Managment 
Program Office Management 
Total Operations 
Total Payload Delivered = 2 5 ~ 1 0 ~  Lb 
Launch Operations 
AGE & Faci 1 i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng Engi neeri n g  
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
Program Office Management 
;Total Operations 
EXPENDABLE 














































































































FOLLOW ON REPORT MDC E0109 
Optimized CoWPerformance Design Methodology STUDY 
Table A-41 
Stage Zero Operational Cost Summary 
(Millions of 1969 Dollars)  
Constant Length = 165 Feet 
PAYLOAD SIZE = 25K 
Total Payload Delivered = 2.5x10bLt 
Launch Opera ti ons 
AGE & Faci 1 i t y  Mai n tenance 
Recovery & Transportation 
Sustaining Engineering 
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered = 8X10b Lb 
Launch Operations 
AGE & Faci 1 i t y  Maintenance 
Recovery & Transportation 
Sustaining Engineering 
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
Program Office Management 
Total ODerations 
Total Payload Delivered = 15x106 Lb 
Launch Operations 
AGE & F a c i l i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng Engineering 
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
Program Office Management 
Total ODerations 
Total Payload Delivered = 2 5 ~ 1 0 ~  Lb 
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng Engi neeri n g 
Sus t a i  n i  ng Spares 
Recerti f i  cat ion 
Fee & Management 
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STUDY Optimized CoWPerformance Design Methodology 
Table A-42 
Stage Zero Operational Cost Summary 
(Mill ions of 1969 Dollars) 
Constant Length = 165 Feet 
PAYLOAD SIZE = 50K 
Launch Opera t i  ons 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sustaining En gi neeri  ng 
Sustaining Spares 
Recert i f icat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered = Sx106 Lb 
Launch Operations 
AGE & Faci 1 i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  n g En gi neeri n g 
Sustaining Spares 
Recert i f icat ion 
Fee & Management 
Program Office Management 
Total ODerations 
Total Payload Delivered = 15x106 Lb 
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
S us t a i  n i  ng En gi nee ri n g 
Sustaining Spares 
Recerti f i  cation 
Fee & Management 
Program Office Management 
Total ODerations 
Total Payload .Delivered = 25x10b Lb 
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Trans po r t a t i on 
Sus t a i  n i  ng En gi neeri n g 
Sustaining Spares 
Recert i f icat ion 
Fee & Management 
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FOLLOW ON REPORT MDC E0109 
Optimized Cost/Performance Design Methodology STUDY 
Table A-43 
Total Program Cost Summary 
12.5 K Concept "S" ( M i  11 ions o f  1969 Dol 1 a r s )  
ILRV Philosophy Constant aV=18,790 FPS 
Total Payload - 2.5'Mill ion Lb. 
Total Orbi te r  and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 8.0 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 15 Million Lb. 
Total Orbi te r  and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
-~ 
Total Payload - 25 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
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!O , 581 
FOLLOW ON 
STUDY 
REPORT MDC E0109 
2MARCH 1970 Optimized Cost/Performance Design Methodology 
Table A-44 
Total Program Cost Summary 
25 K Concept "S" (Mil' 
LRV Philosophy Constant aV=18,790 FPS 
Total Payload - 2.5'Mill ion Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 8.0 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 15 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 25 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 












































MCDONNElL. DOUGLAS ASTRONAUTVCS 
BLE- 















REPORT MDC E0109 
2MARCH 1970 Optimized CostlPerformance Design Methodology 
Table A-45 
Total Program Cost Summary 
50 K Concept "S" (Mill ions o f  1969 Dollars) 
[ L R V  Philosophy Constant A V  = 18,790 FP 
Total Payload - 2.5'Mill ion Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
~ 
Total Payload - 8.0 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 15 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 25 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
EXPEI - LIQUID 
5 , 909 
79 9 

























































REPORT MDC E0109 
2 MARCH 1970 
Optimized Cost/Performance Design Methodology 
Table A-46 
Orbiter/Booster Cost Summary (Constant AV = 18,790 ) 
12.5 K Concept "S" (Millions of 1969 Dollars) 
ILRV PHILOSOPHY 
Total Payload - 2.5 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 8 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 15 idillion Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 25 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 

























































REPORT MDC E0109 
2 MARCH 1970 
Optimized Cost/Performance Design Methodology 
Table A-47 
Orbiter/Booster Cost Summary (Constant AV = 18,790 ) 
25 K Concept "S" (Millions of 1969 Dollars) 
ILRV PHILOSOPHY 
Total Payload - 2.5 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 8 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 15 i4il l ion Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Opera t i  on a1 Phase 
Total Program Cost 
Total Payload - 25 Million Lb. 
Contract Definit ion Phase 
R D T - &  E Phase 
Investment Phase 
Operational Phase 

























































REPORT MDC E0109 
2 MARCH 1970 
Optimized Cost/Performance Design Methodology 
Table A-48 
Orbiter/Booster Cost Summary (Constant AV = 18,790 ) 
50 K Concept "S" (Millions of  1969 Dollars) 
Total Payload - 2.5 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 8 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 15 idillion Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 25 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
























































Optimized Cost/Performance Design Methodology STUDY 
Table A-49 
(Millions; of 1369 Dollars) 
12.5 K Concept''S': ILRV Philosophy, 10, Years 
Operational Phase Cost Summary 
A V  = 18,970 FPS 
(203 Launches ) 
Total Cargo Delivered = 2.5 M LB 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sus t a i  n i  ng Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
(650 Launches) 
Total Cargo Del ivered = 8 M LB 
Launch Opera t i  ons 
Propel 1 ants  
Launch Area Support 
Training & Mission Suppor t  
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
(1 21 8 Launches) 
Total Cargo Delivered = 15 M LB 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 





































































REPORT MDC E0109 
BOOSTER 
98.4 
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2 MARCH 1970 
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STUDY Optimized Cost/Performance Design Methodology 
Table A-50 
(Mill ions of 1369 Dollars) 
12.5 K ConceptI'S': ILRV Philosophy, 10 Years 
Operational Phase Cost Summary 
A V  = 18,970 FPS 
(2030 Launches) 
Total Cargo Del ivered = 25 M LB 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
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FOLLOW ON REPORT MDC E0109 
Optimized Cost/Performance Design Methodology STUDY 
Table A-51 
(Millions of 1369 Dollars) 
Operational Phase Cost Summary 
25 K Concept"S': ILRV Philosophy, 10 Years 
A V  = 18,970 FPS 
( 101 Launches) 
Total Cargo Delivered = 2.5 M LB 
Launch Operations 
Prope 1 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support  & Sustaining Engr 
Sustaining Spares 
Recert i f icat ion 
Fee 
Program Office Management 
Total Operations 
(325 Launches) 
Total Cargo Delivered = 8 M LB 
Launch Operations 
Propel 1 an ts  
Launch Area Suppor t  
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
(609 Launches) 
Total Cargo Delivered = 15 M LB 
Launch Ope r a t i  ons 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Faci 1 i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
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REPORT MDC E0109 
Optimized Cost/Performance Design Methodology 
Table A-52 
(Mill ions of 1369 Dollars) 
Operational Phase Cost Summary 
25 K Concept 'S "ILRV Philosophy, 10 Years 
AV = 18,970 FPS 
(101 5 Launches) 
Total Cargo Delivered = 25 M L B  
Launch Ope rat i ons 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support  & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
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2 MARCH 1970 
FOLLOW ON REPORT MDC E0109 
Optimized Cost/Performance Design Methodology STUDY 
Table A-53 
(Mill ions of 1369 Dollars) 
Operational Phase Cost Summary 
50 K Concept"S:' ILRV Philosop 
A V  = 18.970 FPS 
(51 Launches) 
Total Cargo Delivered = 2.5 M LB 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Faci 1 i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
( 1  62 Launches) 
Total Cargo Delivered = 8 M LB 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
(304 Launches) 
Total Cargo Delivered = 15 M L B  
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Suppor t  
Age & Faci 1 i ty  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  ca t i  on 
Fee 
Program Office Management 
Total Operations 
I 




































6 , l  
108.5 
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2 MARCH 1970 
Optimized Cost/Performance Design Methodology 
Table A-54 
Operational Phase Cost Summary 
(Millions of '1369 Dollars) 
50 K Concept'IS; ILRV Philosophy, 10 Years 
A V  = 18,970 FPS 
(507 Launches) 
Total Cargo Delivered = 25 M L B  
Launch Opera ti ons 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
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REPORT MDC E0109 
2MARCH 1970 
FOLLOW ON 
STUDY Optimized Cost/Performance Design Methodology 
Table A-55 
Stage Zero Cost Summary 
12.5 K Pay1 oad/Launch (Mi 11 ions o f  1969 Dol 1 ars ) 
A V  = 18,970 




Operational Hardware (Expended) 
Subtotal (Recurring) 
Tot a1 
Total Payload - 8.0 Million Lb. 
RDT&E 
Investment 
Opera t i on s 
Operational Hardware (Expended) 
Subtotal (Recu rr i ng ) 
Total 




Operational Hardware (Expended) 
Subto ta l  (Recurring ) 
Total 




Operational Hardware (Expended) 
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Stage Zero Cost Summary 
25 K Payload/Launch (Millions o f  1969 Dollars)  
A V  = 18,970 




Operational Hardware (Expended) 
Sub t o t a l  (Recurri ng ) 
Total 




Operational Hardware (Expended) 
Subtotal (Recurri ng) 
Total 




Operational Hardware (Expended) 
Subtotal (Recurring) 
Total 




Operational Hardware (Expended) 
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2 MARCH 1970 
FOLLOW ON 




Stage Zero Cost Summary 
50 K Payload/Launch (Mi 11 ions o f  1969 Dol 1 a r s  ) 
A V  = 18,970 
.REUSABLE 
LIQUID - SOLID 

















14.8 199.9 59.6 
200.4 17.6 7.6 
10.8 62.5 136.2 
- 94.5 101.8 
211 .2 174.6 245.6 
226.0 374.5 305.2 
14.8 199.9 59.6 
590.6 131.1 57 .o 
24.4 168.2 357.4 
- 246.2 265.3 
61 5 .O 545.5 679.7 
629.8 745.4 739.3 




Operational Hardware (Expended) 
Subtotal (Recurring) 
Total 




Operational Hardware (Expended) 
Subtotal (Recurring ) 
Total 








MCDONNElL DOUGLAS ASTRONAUTICS 
FOLLOW ON 
STUDY Optimized Cost/Performance Design Methodology 
Table A-58 
Stage Zero Operational Cost Summary 
(Millions of 1969 Dollars)  
ILRV Operational Philosophy 
1 AV = 18,970 fps,  Payload Size = 12.5K 
Total Payload Delivered = 2.5 x io6 
Launch Ope rations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i n g En gi nee ri n g 
S us t a i  n i n g Spa res 
Recert i f icat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered = 8 X lo6 
Launch Operations 
AGE & Faci 1 i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng Engi neeri n g  
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered = 15 x 106 
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng Engi neeri  ng  
Sustaining Spares 
Recert i f icat ion 
Fee & Management 
Program Office Management 
Tot a1 Opera ti ons 
Total Payload .Delivered = 25 X 10' 
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sustaining Engi neeri ng 
Sustaining Spares 
Recer t i f ica t ion  
Fee & Management 
Program Office Management 
i Tot a1 Ope ra  ti ons 
EXPE 
L I QU I D 
56.4 
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FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 
STUDY Optimized Cost/Performance Design Methodology 
I 
Table A-59 
Stage Zero Operational Cost Summary 
(Millions of 1969 Dollars) 
ILRV Operational Philosophy 
nV = 18,970 fps, Payload S ize  = 50K 
Total Payload Delivered = 2.5 x 106 
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sustaining En gi neeri ng 
Sustaining Spares 
Recert i f icat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered = 8 x 106 
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng Engi neeri ng 
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered = 15 x I O 6  
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng Engineering 
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered = 25 x 106 
Launch Operations 
AGE & Faci l i  t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng En gi neeri ng 
Sustaining Spares 
Recer t i f ica t ion  
Fee & Management 
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Table A-60 
Stage Zero Operational Cost Summary 
(Millions of 1969 Dollars) 
ILRV Operational Philosophy 
1 
I 
AV = 18,970 f p s ,  Payload Size = 25K 
Total Payload Delivered = 2.5 x 106 
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sustaining Engineering 
Sustaining Spares 
Recert i f icat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Del ivered = 8 X 1 o6 
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sustaining Engineering 
Sustaining Spares 
Recert i f icat ion 
Fee & Management 
Program Office Management 
Total ODerations 
Total Payload Delivered = 15 x 106 
Launch Operations 
AGE & Faci 1 i t y  Maintenance 
Recovery & Transportation 
Sustaining Engineering 
Sustaining Spares 
Recerti f i  cation 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload .Delivered = 25 X'lo6 
Launch Operations 
AGE & Faci 1 i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  n g En gi nee ri n g 
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
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Table A-61 
Total Program Cost Summary 
12.5 K Concept "Si' (Mill ions o f  1969 Dollars) 
ILRV P h i  1 osophy Constant AV=20,890 FPS 
ILRV Philosophy 
Total Payload - 2.5'Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 8.0 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 15 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 25 Million Lb. 
Total Orbi te r  and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
EXPE 
- LIQUID 
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Table A-62 
Total Program Cost Summary 
25 K Concept "Si' (Millions o f  1969 Dollars)  
ILRV Philosophy Constant AV=20,890 FPS 
Total Payload - 2.5'Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 8.0 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 15 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 25 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
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Table A-63 
Total Program Cost Summary 
50 K Concept “S“ (Millions o f  1969 Dollars) 
ILRV Philosophy Constant ~V=20,890 FPS 
Total Payload - 2.5’Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 8.0 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 15 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
Total Program Cost 
Total Payload - 25 Million Lb. 
Total Orbiter and Booster Cost 
Total Zero Stage Cost 
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Table , 444  
Orbi ter/Eooster Cost Summary (Constant AV = 20,890 ) 
12.5 K Concept "S" (Millions o f  1969 Dollars) 
ILRV PHILOSOPHY 
Total Payload - 2.5 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 8 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 15 idil l ion Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 25 Million Lb. 
Contract Definit ion Phase 
R D T . &  E Phase 
Investment Phase 
Operational Phase 
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Table A-65 
Orbi ter/Booster Cost Summary (Constant AV = 2'3,890 ) 
25K Concept "S" (Millions of 1969 Do11ars) 
ILRV PHILOSOPHY 
Total Payload - 2.5 Mill ion Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 8 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Inves tmnt Phase 
Operational Phase 
Total Program Cost 
Total Payload - 15 i4illion Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Opera ti on a1 Phase 
Total Program Cost 
Total Payload - 25 Million Lb. 
Contract Definit ion Phase 
R D T . &  E Phase 
Investment Phase 
Operational Phase 
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Table A-66 
Orbiter/Booster Cost Summary (Constant AV = 20,890 ) 
50 K Concept "S" (Millions of  1969 Dollars) 
ILRV PHILOSOPHY 
Total Payload - 2.5 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Inves tment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 8 Million Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 15 idillion Lb. 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 25 Million Lb. 
Contract Definit ion Phase 
R D T - &  E Phase 
Investment Phase 
Operational Phase 
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Table , 447  . .  
Operational Phase Cost Summary 
(Mi l l i ow o f  7369 Dollars)  
12.5 K Conceptiis;ILRj P h i  1 osophy , 1 U Years 
AV = 20,890 FPS 
(203 Launches) 
Total Cargo Del ivered = 2.5 M LB 
Launch Operations 
Propel 1 an ts  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Trans porta  t i on 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
(650 Launches) 
Total Cargo Del ivered = 8 M LB 
Launch Operations 
P rope 1 1 an ts 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr  
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
(1 21 8 Launches) 
Total Cargo Delivered = 15 M LB 
Launch Opera t i  ons 
Propel 1 an ts  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
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Table A-68 . .  
Operat ional  Phase Cost Summary 
( M i  11 ions  o f  1369 Dol 1 ars  1 
12.5 K Concept"S:' ILRV Philosophy, 10 Years 
AV = 20,890 FPS 
(2030 Launches) 
Tota l  Cargo De l ivered  = 25 M LB 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T r a i n i n g  & Miss ion Support 
Age & F a c i l i t y  Maintenance 
Re cove ry 
Transpor ta t ion  
Tech Support & Susta in ing Engr 
Sus ta in ing  Spares 
Recer t i  f i  ca t i on  
Fee 
Program O f f i c e  Management 
To ta l  Operations 
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Table A-69 
(Millions of 1369 Dollars\r 
Operational Phase Cost Summary 
25 K Concept 5;' ILRV Philosophy, 10 Years 
AV = 20,890 FPS 
(1 01 Launches) 
Total Cargo Delivered = 2.5 M LB 
Launch Operations 
Propel 1 ants 
Launch Area Suppor t  
Training & Mission S u p p o r t  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Trans po r t a  t i on 
Tech Suppor t  & Sustaining Engr 
Sustaining Spares  
Recert i f icat ion 
Fee 
Program Office Management 
Total Operations 
(325 Launches) 
Total Cargo Delivered = 8 M LB 
Launch Operations 
Propel 1 ants  
Launch Area S u p p o r t  
Training & Mission S u p p o r t  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
(609 Launches) 
Total Cargo Delivered = 15 M LB 
Launch Operations 
Propel 1 ants 
Launch Area Suppor t  
Training & Mission Suppor t  
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
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STUDY Optimized CosVPerformance Design Methodology 
Table A-70 
(Millions of 1369 Dollars) 
Operational Phase Cost Summary 
25 K Concept'S;' ILRV Philosophy, 10 Years 
I AV = 20,890 FPS 
(1 01 5 Launches ) 
Total Cargo Delivered = 25 M LB 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Suppor t  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support  & Sustaining Engr 
S u s t a i n i n g  Spares 
Recert i f icat ion 
Fee 
Program Office Management 
Total Operations 
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Table A-71 
(Millions of 1369 Dollars) 
50 K Concept"S: ILRV Philosophy, 10 Years 
Operational Phase Cost Summary 
A V  = 20.890 FPS 
(51 Launches) 
Total Cargo Delivered = 2.5 M L B  
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Faci 1 i t y  Ma-i n tenance 
Recovery 
Transportation 
Tech S u p p o r t  & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
( 7  62 Launches) 
Total Cargo Del ivered = 8 M LB 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training a( Mission Support 
Age & Faci 1 i t y  Maintenance 
Re co ve ry 
Trans porta t i on 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
(304 Launches) 
Total Cargo Delivered = 15 M LB 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support  
Age & Faci l i ty  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Recerti f i  cation 
Fee 
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STUDY Optimized Cost/Performance Design Methodology 
Table A-72 
( M i l l i o n s  o f  1369 D o l l a r s )  
Operational Phase Cost Summary 
50 K Concept"Sy ILRV Philosol - 
A V  = 20,890 FPS 1 ZERO 
I 
(507 Launches ) 
To ta l  Cargo De l ivered  = 25 M LB 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T r a i n i n g  & Miss ion Support 
Age & F a c i l i t y  Maintenance 
Re cove ry 
Trans po r  t a t i  on 
Tech Support & Susta in ing Engr 
Sus t a i  n i  ng Spares 
Recer t i  f i  ca t i on  
Fee 
Program O f f i c e  Management 
To ta l  Operations 
38.6 
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Table A-73 
Stage Zero Cost Sumary 
12.5 K Pay1 oad/Launch (Mi 11 ions o f  1969 Dol 1 ars 1 
A V =  20,890 FPS 




Operational Hardware (Expended) 
Subtotal (Recurring) 
Total 
Total Payload - 8.0 Mill ion Lb. 
RDT&E 
Inves trnen t 
Operations 
Operational Hardware (Expended) 
Subtotal (Recurring) 
Total 




Operational Hardware (Expended) 
Sub t o t  a1 (Recurri ng ) 
Total 
Total Payload - 25 klillion Lb. 
RDT&E 
In ves tmen t 
Operations 




LIQUID SOLID LIQUID - SOLID 
721.7 6.9 148.9 46.2' 
f ,624.7 340.1 118.2 41.4 
57 .o 25.9 159.5 230.1 - - 225.1 264.4 
1,681.7 366.0 502.8 535.9 
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Stage Zero Cost Summary 
25 K Payload/Launch (Millions o f  1969 Dollars)  











Operational Hardware (Expended) 














Total Payload - 8.0 Million Lb. 
RDT&E 
Investment 
Opera t i  ons 













Operational Hardware (Expended) 
Sub t o  t a  1 
Total 
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STUDY Optimized Cost/Berformance Design Methodology 
Table A-75 
Stage Zero Cost Summary 
50 K Payload/Launch (Millions o f  1969 Dollars) 
A V  = 20,890 FPS 




Operational Hardware (Expended) 
Subto ta l  (Recurring) 
Tot a1 
Total Payload - 8.0 Million Lb. 
RDT&E 
Investment 
Ope r a t  i ons 
Operational Hardware (Expended) 
Subtotal (Recurring) 
Total 
Total Payload - 15 Million Lb. 
RDT&E 
Investment 
Ope r a t i  ons 
Operational Hardware (Expended) 
Subtotal (Recurri ng ) 
Total 
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Table A-76 
Stage Zero Operational Cost Summary 
(Millions of 1969 Dollars) 
Constant A V  = 20,890 f p s  
Payload Size = 12.5K 
Total Payload Delivered 
Launch Ope r a t i  ons 
AGE Fac i l i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i ng En gi neeri n g 
Sustaining Spares 
Recert i f icat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered 
Launch Operations 
AGE & F a c i l i t y  Maintenance 
Recovery & Transportation 
Sustaining Engineering 
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered 
Launch Operations 
AGE & Faci 1 i ty  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng Engineering 
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload De l ive red  
Launch Operations 
AGE & Faci l i  t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng Engi neeri ng 
Sus t a i  n i  ng Spares 
Recert i f icat ion 
Fee & Management 
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2MARCH 1970 Optimized Cost/Performance Design Methodology STUDY 
Table A-77 
Stage Zero Operational Cost Summary 
(Mill ions of 1969 Dollars) 
Constant AV = 20,890 fps 
Payload Size  = 25K 
Total Pay1 oad Del i vered 
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sustaining En gi  neeri ng 
Sustaining Spares 
Recerti f i  cation 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered 
Launch Operations 
AGE & Faci 1 i t y  Maintenance 
Recovery & Transportation 
Sustaining Engineering 
Sus t a i  n i  ng Spares 
Recert i f icat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered 
Launch Operations 
AGE & Faci 1 i ty  Maintenance 
Recovery & Transportation 
Sus t a i  n i ng En gi  nee ri n g 
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered 
Launch Operations 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng En gi neeri n g  
Sustaining Spares 
Recer t i f ica t ion  
Fee & Management 
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Table A-78 
Stage Zero Operational Cost Summary 
(Millions of 1969 Dollars)  
Constant A V  = 20,890 fps  
Payload Size = 50K 
Total Payload Delivered 
Launch Opera ti ons 
AGE & Fac i l i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i ng En gi neeri n g 
Sustaining Spares 
Recert i f icat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload Delivered 
Launch Operations 
AGE & F a c i l i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng Engineering 
Sus t a i  n i  ng Spares 
Recer t i f ica t ion  
Fee & Management 
Program Office Management 
Total ODerations 
Total Payload Del ivered 
Launch Operations 
AGE & Faci 1 i t y  Maintenance 
Recovery & Transportation 
Sus t a i  n i  ng Engineering 
Sustaining Spares 
Recerti f i  cat ion 
Fee & Management 
Program Office Management 
Total Operations 
Total Payload .Delivered 
Launch Operations 
AGE & Faci l i  t y  Maintenance 
Re c ove ry & Trans por t  a t  i on 
Sus t a i  n i  ng En gi neeri ng 
Sustaining Spares 
Recerti f i  cation 
Fee & Management 
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A2 Concept "L" Cost E s t i m a t e  - Concept "I," is  t h e  des igna t ion  used f o r  t h e  
two-stage v e h i c l e  developed by McDonnell Douglas under c o n t r a c t  NAS9-9204. 
o r b i t e r  i s  a n  "HL-10" conf igu ra t ion  modified s l i g h t l y  i n  t h e  base area t o  accom- 
modate two boost  engines.  
t e n  (10) launch engines i d e n t i c a l  t o  those  of t h e  o r b i t e r .  
The 
The boos te r  i s  a "clipped d e l t a "  conf igu ra t ion  with 
The c o s t  estimates f o r  t h e  t h r e e  payload s i z e s  of th i s  concept are 
presented i n  t h e  fol lowing paragraphs. 
A2.1 T o t a l  Program Cost - A t o t a l  program c o s t  summary is provided f o r  each 
Concept "L" payload s i z e  i n  Tables A-79 through A-84. 
A2.2 Cost Summaries by Phase - The c o s t  estimates f o r  t h e  Concept "L" con- 
f i g u r a t i o n  f o r  RDTSrE, Investment y and Operat ional  Phases are presented i n  Tables 
A-84 through A-111.  
shown r e s p e c t i v e l y  i n  Figures A-5 and A-6. 
Inventory requirements f o r  t h e  boos te r  and o r b i t e r  are 
A-87 
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INVENTORY REQUIREMENT 
Concept L Booster 
10 15 20 25 0 5 Total Pay1 oad De 1 i vered 
A- 88 
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Concept L Orbi ter  
5 10 15 20 25 
Total Payload Delivered - Million Lb 
A- 89 FIGURE A-6 
FOLLOW ON 
STUDY Optimized CostlPerformance Design Methodology 
Table A-79 
Total Program Cost Summary 
(Millions of 1969 Dollars)  10 K Concept " L 
Total Payload - 2,s Million Lb 
ILRV (Operational P h i  1 osophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermedi a t e  (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational P h i  losophy) 
Contract Definition Phase 
RDT & E Phase 
Inves tmen  t Phase 
Operational Phase 
Total Program Cost 
Total Payload - 8.0 Million Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
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Optimized Cost/Perforrnance Qesign Methodology 
Table A-80 
Total Program Cost Summary 
10 K Concept I ' L "  (Millions o f  1969 Dollars)  
1 I Total Payload - 15 Million Lb 
ILRV (Operational Phiaosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Opera t i ona 1 Phase 
Total Program Cost 
Total Payload - 25 Million Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 




Total Program Cost 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
~ Intermediate (Operational Philosophy) 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 








































7 , 966 
9,623 
20 , 523 
14 
2,920 




















































STUDY Optimized CostlPerformance Design Methodology 
Table A-81 
Total Program Cost Summary 
25 K Concept “L” (Millions of 1969 Dollars) 
Total Payload - 2,5 Million Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 

















Total Payload - 8.0 Million Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Intermediate (Operational Philosophy 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
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Optimized Cost/Performance Design Methodology 
Table A-82 
Total Program Cost Summary 
25 K Concept "L"  (Millions of 1969 Dollars)  
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (operational Philosophy: 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Proqram Cost 
Total Payload - 25 Mi 11 ion Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
































































































FOLLOW ON REPORT MDC E0109 
Optimized Cost/Performance Design Methodology STUDY 
Table A-83 
Total Program Cost Summary 
50 K Concept "L" (Millions of 1969 Dollars) 
Total Payload - 2.5 Million Lb 
ILRV (Operational Philosophy) 
Contract Definition Phase 
RDT & E Phase 
Investment Phase 
Ope r a t  i on a1 P h ase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phaw 
Total Program Cost 
Current (operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 8.0 Million Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Inves tmen t Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
ORBITER 
28 
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REPORT MDC E0109 
2 MARCH 1970 
FOLLOW ON 
STUDY Optimized Cost/Performance Design 
Table A-84 
Total Program Cost Summary 
50 K Concept "L" (Millions o f  1969 Dollars)  
I 
Total Payload - 15 
ILRV (Operational Philosophy) 
Million Lb 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Ope r a t  i on a1 Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 25 Million Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Inves t m e n t  Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 

































































































STUDY Optimized Cost/Performance Design Methodology 
Table A-85 
RDT&E, Contract Definition Phase Cost Summary 
10 K Concept I I L "  (Mil 1 ions of 1969 Dol 1 a r s )  




Program Office Management 
Subtotal 
Sub t o t  a1 
Total Contract Definit ion 
RDT&E Phase 




Avi oni cs 
Propulsion 
J e t  
O r b i t  Maneuver 
Atti tude Control 
Main Boost 
Total Propulsion 
Total Subsystems D&D 
AGE & Special Test Equipment  
Launch Faci 1 i t ies 
Trainers & S i  mu1 a to r s  
Sys tem Integrat ion 
Sys tern En gi nee ri n g 
Wind Tunnel  Test 
S t a t i c  Fire Test 
Ground Test Hardware 
F1 i g h t  Test Hardware 
Fl ight  Test Hardware Spares 
No c k ups 
Horizontal Fl ight  Testing 
Vertical  Fl ight  Testing 
Ref u rb i  s hmen t 
Total Basic RDT&E 
Total Sys tem Integrat ion 
Pro jec t  Management 
Fee 
Program Office Management 
Subtotal 
Subtotal 
Total RDT&E Phase 
ORbITER 
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STUDY Optimized Cost/Performance Design Methodology 
Table A-86 
RDT&E, Contract Definit ion Phase Cost Summary 
25 K ConceptI'L" (Millions of 1969 Dollars)  
Contract Definit ion Phase 
Basic Cost 
Project  Management 
Fee 
Program Office Management 
Subtotal 
Subto t a l  
Total Contract Definition 
RDT&E Phase 




Avi oni cs 
Propulsion 
Jet  
O r b i t  Maneuver 
Atti tude Control 
Main Boost 
Total Propulsion 
Total Subsystems D&D 
AGE & Special Test Equipment  
Launch Faci 1 i t ies 
Trainers & S i  mu1 a tors  
System Integrat ion 
Sys tem En gi nee ri n g 
Wind Tunnel  Test 
S t a t i c  Fire Test 
Ground Test Hardware 
F l i g h t  Test Hardware 
Fl ight  Test Hardware Spares 
Mock ups 
Horizontal F l i g h t  Testing 
Verti cal F1 i g h t  Tes Ling 
Ref u rbi  s hmen t 
Total Basic RDT&E 
Total Sys tem In t eg ra t i  on 
Pro jec t  Management 
Fee 
Program Office Management 
Subtotal 
Sub t o t  a1 
Total RDT&E Phase 
ORb ITER 
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STUDY Optimized Cost/Performance Design Methodology 
Table A-87 
RDT&E, Contract Definition Phase Cost Summary 
50 K Concept "L" (Mill ions of 1969 Dollars) 
Contract Definit ion Phase 
Basi c Cost 
Project  Management 
Fee 
Program Office Management 
Subtotal 
Subto t a l  
Total Contract Definit ion 
RDT&E Phase 
Subsystems Design & Development 
Thermal /Structure  1 
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
J e t  
Orbi t  Maneuver 
A t t i  tude  Control 
Main Boost 
Total Propulsion 
Total Subsystems D&D 
AGE & Special Test Equipment 
Launch Faci 1 i ties 
Trainers & S i  mu1 a tors  
System Integrat ion 
Sys tern En gi  nee ri n g 
Wind Tunnel  Test 
S t a t i c  Fire  Test 
Ground Test Hardware 
F1 i gh t Test Hardware 
F1 i ght Test Hardware Spares 
Mockups 
Horizontal Fl ight  Testing 
Vertical  Fl ight  Testing 
Ref u rbi s hmen t 
Total Basic RDT&E 
Total System Integrat ion 
Project  Management 
Fee 
Program Office Management 
Subtotal 
Subtotal 
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FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodo~ogy STUDY 
Table A438 
Investment Phase Cost Summary 
(Millions of 1969 Dollars)  
10 K Concept "L",2.5 M L B  Total Payload Delivered, 10 Years 
ILRV Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i ng En gi nee ri n g 
Sus t a i  n i  ng Tool i ng 
Ini  t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Intermediate Philosophy 
Thermal /Structure 
Powe r Sup p l  y 
ECLS 
Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Current Phi 1 osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  ng Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
















































































































































REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodology 
Table A-89 
Investment Phase Cost Summary 
(Mill ions of 1969 Dollars)  
10 K Concept "L",8.0 M L B  Total Payload Delivered, 10 Years 
ILRV P h i  losophy 
Thermal /Structure 




Final Assembly & Checkout 
Sus t ai  n i ng Engi neeri n g 
Sus t a i  n i  n g  Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty  of Veh i cl  es 
Intermediate Philosophy 





Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tool i ng  
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Off i ce Management 
Total Cost 
Quanti t v  of Vehicles 
Current P h i  losophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propul s ion 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini ti  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
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FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodology STUDY 
Table A-90 
Investment Phase Cost Summary 
( M i  11 ions o f  1969 Dol 1 a rs  ) 
10 K Concept " L " ,  15 M L B  Total Payload Delivered, 10 Years 
ILRV P h i  1 osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propul si on 
Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  ng Tool i ng 




Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Intermediate Philosophy 





Final Assembly 81 Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quantity of Vehicles 
Current P h i  losophy 





Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Man agemen t 
Fee 
Total 
Program Office Management 
Total Cost 















































































































































REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodology 
Table A-91 
Investment Phase Cost Summary 
(Millions o f  1969 Dollars) 
10 K Concept " L " ,  25 M LB Total Payload Delivered, 10 Years 




Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i ng En g i  neeri n g 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty  of Veh i cl es 
Intermediate Philosophy 





Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tool i n g  
Ini  t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Current Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propul s ion 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini ti a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  o f  Vehicles 
- 
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FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Optimized CostlPerformance Design Methodology STUDY 
Table A-92 
Investment Phase Cost Summary 
(Millions of 1969 Dollars) 
25 K Concept "L",2.5 M L B  Total Payload Delivered, 10 Years 
ILRV Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  ni ng Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty  of  Veh i cl  es 
Intermediate Philosophy 





Final Asseh ly  & Checkout 
Sustaining Engineering 
Sus t a i  n i  ng Tool i ng 




Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Current Phi 1 osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propul s i on 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
h i  t i  a1 Spares 
Project  Man agemen t 
Fee 
Total 
Program Office Management 
Total Cost 
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2MARCH 1970 Optimized Cost/Performance Design Methodology 
Table A-93 
Investment Phase Cost Summary 
(Mill ions o f  1969 Dollars) 
25 K Concept I1Lii,8.0 M LB Total Payload Delivered, 10 Years 
ILRV Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propul si on 
Final Assembly & Checkout 
S us t a i  n i ng Engi neeri n g 
Sustaining Tooling 
Ini ti a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty  of Vehicles 
Intermediate Philosophy 




Propul si on 
Final Assembly & Checkout 
Sus t a i  n i  ng  Engi neeri ng 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
- 
Current Phi 1 osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  n g Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
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FOLLOW ON REPORT MDC E0109 
2MARCH 1970 Optimized CostlPerformance Design Methodology STUDY 
Table A-94 
Investment Phase Cost Summary 
(Millions of 1969 Dollars) 
25 K Concept I'L", 15 M LB Total Payload Delivered, 10 Years 
ILRV P h i  1 osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propul s i  on 
Final Assembly & Checkout 
Sus t ai  n i ng  En gi nee ri n g 
Sustaining Tooling 




Program Office Management 
Total Cost 
Quant i ty  o f  Vehicles 
Intermediate Philosophy 





Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 




Program Off i ce Management 
Total Cost 
Quant i ty  of Vehicles 
Current P h i  losophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propul si  on 
Final Assembly & Checkout 
Sus t a i  n i  ng Engi neeri ng  
Sus t a i  n i  n g Tool i ng  
Ini ti a1 Spares 
Project  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 















































































































































REPORT MDC E0109 
2 MARCH 1970 0 pt i m ized Cost/ Performance Design Meth odo I ogy 
Table A-95 
Investment Phase Cost Summary 
(Mi 11 ions of 1969 Dol 1 a r s  ) 
25 K Concept I'L", 25 M L B  Total 
ILRV P h i  1 osophy 
Thermal /Structure  
P owe r sup p 1 y 
ECLS 
Avi on i cs 
Propul si on 
Final Assembly & Checkout 
S us t ai n i ng En g i  neeri n g 
Sus t a i  n i  ng Tool i ng  
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty  of Veh i c l  es 
Intermedi a t e  P h i  1 osophy 





Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  ng Tool i ng  
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty  of Vehicles 
- 






Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  n g  Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 
Quanti t v  o f  Vehicles 













































































































































FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Optimized CosVPerformance Design Methodology STUDY 
Table A-96 
Investment Phase Cost Summary 
(Millions of 1969 Dollars) 
50 K Concept "L", 2.5 M L B  Total Payload Delivered, 10 Years 
ILRV Philosophy 
Thermal /Structure  
Power supply 
ECLS 
Avi on i cs 
Propul s i  on 
Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  ng Tool i ng 
Ini ti a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Intermediate Philosophy 
The rmal /S t ru c t u re 




Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  ng Tool i ng 




Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Current Phi 1 osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  n g Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
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2 MARCH 1970 Optimized Cost/Performance Design Methodology 
Table A-97 
Investment Phase Cost Summary 
(Mi 11 ions of 1969 Dol 1 a rs  ) 
50 K Concept " L " ,  8.0 M LB Total Payload Delivered, 10 Years 
ILRV P h i  losophy 
Thermal /Structure  
Power S up pl  y 
ECLS 
Avi oni cs 
Propul s i  on 
Final Assembly & Checkout 
S us t ai n i ng En g i  neeri n g 
Sus t a i  n i  ng Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Intermediate Philosophy 





Final Assembly & Checkout 
Sustaining Engineeri ng 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Current P h i  losophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i  ng Engi nee ri ng 
Sustaining Tooling 
Ini ti  a1 Spares 
Project  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 















































































































































FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodology STUDY 
Table A-98 
Investment Phase Cost Summary 
(Millions of 1969 Dollars) 
50 K Concept "L" ,  15 M LB Total Payload Delivered, 10 Years 
ILRV P h i  1 osophy 
Thermal /Structure 
Power s u p  p l  y 
ECLS 
Avi oni cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i  ng Engineering 
Sus t a i  n i  ng  Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty of  Vehicles 
Intermediate Philosophy 
The rmal /Structure  
Powe r S up p 1 y 
ECLS 
Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  ng Tool i n g  
Ini  t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Off i ce Management 
Total Cost 
Quantity of Vehicles 
Current Philosophy 
The m a l  /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propul s ion 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Man agemen t 
Fee 
To t a l  
Program Office Management 
Total Cost 











































































































































REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodology 
Table A-99 
Investment Phase Cost Summary 
(Millions of 1969 Dollars) 





Avi on i cs 
Propul si on 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty  of Veh i cl  es 
In termdi a t e  P h i  1 osophy 
Thermal /Structure  
Power supply 
ECLS 
Avi oni cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i ng Engi nee ri ng  
Sustaining Tool i n g  
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti t v  of Vehicles 
Current P h i  losophy 
The rma 1 /Structure 
Power Supply 
ECLS 
Avi on i cs 
Propul si on 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini ti a1 Spares 
Project  Man agemen t 
Fee 
Total 
Program Office Management 
Total Cost 













































































































































FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Optimized CostlPerformance Design Methodology STUDY 
Table A-100 
Operational Phase Cost Summary 
(Mill ions of 7369 Dollars) 
10 K Concept " L " ,  2.5 MLB Total Payload Delivered, 10 Years 
ILRV ( 254 Launches) 
Launch Operations 
Propel 1 an ts  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sus t a i  n i  ng Spares 
Recert i f icat ion 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 256 Launches) 
Launch Operations 
Propel 1 an ts  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Offi ce Management 
Total Operations 
Current ( 260 Launches) 
Launch Ope rat ions 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Faci 1 i t y  Mai n tenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recert i f icat ion 
Fee 






























































































































REPORT MDC E0109 
2 MARCH 1970 Optimized CostlPerformance Design Methodology 
.~ Table A-101 
Operational Phase Cost Summary 
(Mill ions of 1969 Dollars)  
10 K Concept " L " ,  8 M LB Total Payload Delivered, 10 Years 
ILRV ( 812 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sus t a i  n i  ng Spares 
Recer t i f ica t ion  
Fee 
Program Office Management 
Total Operations 
Intermediate ( 820 Launches 1 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recer t i f ica t ion  
Fee 
Program Offi ce Management 
Total Operations 
C u r r e n t  ( 826 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 














39 .1  
691.5 
456.9 
(44 .9)  
164.4 





























71 .0  
.7 
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FOLLOW ON REPORT MDC E0109 
2MARCH 1970 Optimized CosVPerformance Design Methodology STUDY 
. .  Table A-102 
Operational Phase Cost Summary 
(Millions of 1369 Dollars) 
10 K Concept "L", 15M LB Total Payload Delivered, 10 Years 
ILRV ( 1523 Launches) 
Launch Operations 
P rope 1 1 an ts 
Launch Area Support 
Training & Mission S u p p Q r t  
Age & Faci l i ty  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sus t a i  n i  n g  Spares 
Recert i f icat ion 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 1538 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
4ge & F a c i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti fi cation 
Fee 
Program Office Management 
Total Operations 
Current ( 1547 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Faci 1 i ty  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 












1 .2  
10 .4  
32.9 
470.7 






6 .8  




























8 .1  
130.7 
1.0 

















544 * 7 
9622.7 
2422.6 
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FOLLOW ON 
STUDY 
REPORT MDC E0109 
2 MARCH 1970 0 pt i m ized Cost /Performance Design Methodo I ogy 
. -  Table A-103 Operational Phase Cost Summary 
(Millions of 1369 Dollars) 
10 K Concept "L",  25 M LB Total Payload Delivered, 10 Years 
ILRV ( 2538 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Faci l i ty  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recert i f icat ion 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 2564 Launches) 
Launch Operations 
P rope 1 1 an ts 
Launch Area Support 
Training & Mission Support 
Age & Faci l i ty  Maintenance 
Re cove ry 
Transportati on 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  (2575 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & F a c i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
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Table A-104 
Operational Phase Cost Summary 
(Mill ions of 1369 Dollars)  
25 K Concept " L " ,  2.5M LB Total Payload Delivered, 10 Years 
ILRV ( 101 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sus t a i  n i  n g  Spares 
Recerti f i  ca t i  on 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 102 Launches) 
Launch Operations 
Propellants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 105 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
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Table A-105 . .  
Operational Phase Cost Summary 
(Millions of 1369 Dollars) 
25 K Concept " L " ,  8 M LB Total Payload Delivered, 10 Years 
ILRV ( 325 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Faci l i ty  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 328 Launches) 
Launch Operations 
P rope 1 1 an ts 
Launch Area Support 
Training & Mission Support 
Age & F a c i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 332 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Faci l i ty  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recert i f icat ion 
Fee 




















(21 .4  
99.2 
6 .8  












13 .3  
22.8 
61 .1  







BOO ST E R 
193 .O 
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Table A-106 
Operational Phase Cost Summary 
(Mill ions of 1369 Dollars) 
25 K Concept " L " ,  15 M LB Total Payload Delivered, 10 Years 
ILRV ( 609 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission S u p p o r t  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recert i f icat ion 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 615 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sus t a i  n i n g  Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
Current ( 6 2 1  Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 























88 .1  















































(164 .8 )  
485.6 
13.3 
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Table A-107 . .  Operational Phase Cost Summary 
(Mill ions of 1369 Dollars) 
25 K Concept "L",  25 M LB Total Payload Delivered, 10 Years 
ILRV ( 1 0 1 5  Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sus t a i  ni ng Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 1025 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area S u p p o r t  
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti fi  cat ion 
Fee 
Program Office Management 
Total Operations 
-~ ~~~~ 
Current ( 1032  Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recer t i f ica t ion  
Fee 














































5 9 4 . 1  
(269.3) 





13 .9  
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Table A-108 
Operational Phase Cost Summary 
(Millions of 1969 Dollars) 
50 K Concept " L " ,  2.5M LB Total Payload Delivered, 10 Years 
ILRV ( 5 1  Launches) 
Launch Operations 
P rope 1 1 an ts 
Launch Area Support 
Training & Mission Support 
Age & Faci l i ty  Maintenance 
Re cove ry 
Trans po r t a  t i on 
Tech Support & Sustaining Engr 
Sus t a i  n i  ng  Spares 
Recert i f icat ion 
Fee 
Program Offi ce Management 
Total Operations 
Intermediate ( 5 1  Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Faci l i ty  Maintenance 
Re cove ry 
Trans po r t a t i  on 
Tech Support & Sustaining Engr  
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
Current ( 53 Launches ) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Faci 1 i t y  Maintenance 
Re co very 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 







11 .8  
4.0 
2.2 
7 .1  
.2 
11.8 






( 5 . 7 )  
43.6 
6.8 
4 .8  
13 .8  
7.4 





















(16 .8 )  
13.5 
4 .0  
2.8 




5 .2  









7 .4  




















AS u r r c s  
TOT I1 
65.8 










1 1 . 5  
204.5 
98.6 
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. -  Table A-109 Operational Phase Cost Summary 
(Millions o f  7969 Dollars) 
50 K Concept "L" ,  8 M LB Total Payload Delivered, 10 Years 
ILRV ( 1 6 2  Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Faci l i ty  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 1 6 4  Launches) 
Launch Operations 
P rope 1 1 an ts 
Launch Area Support 
Training & Mission Support 
Age & F a c i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti fi cation 
Fee 
Program Office Management 
Total Operations 
Current ( 167  Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & F a c i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recert i f icat ion 
Fee 





















8 .1  
32.8 
23.6 































1 8 . 0  
318.0  
164.6 
(54 .1)  
86.3 
6.8 






118 .8  
8 5 . 1  
1502.6  


















4 3 . 1  
8.0 
8 .2  
32 .8  
.6 
26.7 




























4 2 8 . 1  
294.1 
5195.4 
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. -  Table A-110 Operational Phase Cost Summary 
(Millions of 1369 Dollars)  
50 i( Concept " L " ,  15M LB Total Payload Delivered, 10 Years 
ILRV ( 304Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sus t a i  ni ng Spares 
Recert i f icat ion 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 308 Launches 1 
Launch Operations 
Propel 1 ants  
Launch Area S u p p o r t  
Training & Mission S u p p o r t  
Age & Faci 1 i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
Current ( 311 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sus t a i  n i  ng  Spares 
Recerti f i  cation 
Fee 
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. .  Table A-111 Operational Phase Cost Summary 
(Millions of  1369 Dollars) 
50 K Concept "L",  25 M LB Total Payload Delivered, 10 Years 
ILRV ( 507 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech S u p p o r t  & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
~~ ~ 
Intermediate ( 513 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Faci 1 i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti fi cat ion 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 518 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re co very 
Transportation 
Tech Support & Sustaining Engr 
Sus t a i  n i  ng Spares 
Recerti f i  cat ion 
Fee 



























































6 .8  
14.3 
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A 3  Concept "M" Cost E s t i m a t e  - Concept ''M" is t h e  des igna t ion  used f o r  t h e  
two-stage vehicle developed by McDonne11 Douglas f o r  t h e  NASA-MSC under 
Contract  NAS9-9204, Schedule 11. An important f e a t u r e  of t h i s  conf igu ra t ion  
is  t h a t  both t h e  o r b i t e r  and boos te r  have a f i x e d  wing and t a i l  t h a t  provide 
good subsonic c r u i s e  and h o r i z o n t a l  landing c h a r a c t e r i s t i c s  similar t o  conven- 
t i o n a l  a i r c r a f t .  This v e h i c l e  is f u r t h e r  enhanced by configuring t h e  v e h i c l e  
f o r  a high ang le  of a t t a c k  du r ing  en t ry .  The cos t  estimates prepared f o r  t h i s  
configurat ion are presented i n  t h e  following paragraphs. 
A3.1 T o t a l  Program Cost - A t o t a l  program cos t  summary i s  provided f o r  each 
Concept "M" payload s i z e  i n  Tables A-112 through A-117. 
A3.2 Cost Summaries by Phase - The c o s t  estimates f o r  t he  Concept '%If' 
configurat ion f o r  RDTSlE, Investment and Operat ional  Phases are presented i n  
Tables A-118  through A-144. Inventory requiremencs f o r  the b o c s t e r  and o r b i t e r  
are shown r e s p e c t i v e l y  in Figures  A-7 and A-8, 
A-323 
OUGLAS AS NAU'I;ICS 
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INVENTORY REQUIREMENTS 
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INVENTORY REQUITZ%E!ITS 
Conyept M - Orbiter 
0 5 10 15 20 25 
Total Payload Delivered - Million Lb 
A- 125 FIGIJRE A-8 
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Table A-112 
Total Program Cost Summary 
12.5 K Concept "M" (Millions of 1969 Dollars)  
Total Payload - 2.5 Million Lb 
ILRV (Operational Philosophy) 
Contract .Definition Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermedi a t e  (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
~~ ~ 
Total Payload - 8 Million Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Ope r a t  i on a1 Phase 
Total Program Cost 
ORBITER 
20 
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Table A-113 
Total Program Cost Summary 
12.5 K Concept "M" (Millions of 1969 Dollars)  
Total Payload - 15 Million Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Ope r a t  i on a1 P h ase 
Total Program Cost 
Intermedi a t e  (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Inves tmen t Phase 
Operational Phase 
Total Proqram Cost 
Total Payload - 25 Million Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Ope r a t i  onal Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
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Table A-114 
Total Program Cost Summary 
25 I( Concept I'Mi1 (Millions of 1969 Dollars)  
Total Payload - 2.5 Million Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Inves t m e n t  Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
~~ ~~ ~ 
Total Payload - 8 Million Lb 
ILRV (Operational P h i  1 osophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
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Table A-115 
Total Program Cost Summary 
25 K Concept "Mi' (Millions of 1969 Dollars)  
Total Payload - 15 Vi1 l ion  Lb 
ILRV (Operational Philosophy) 
Contract Definition Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
1ntermed-i a t e  (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Phi losophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Proqram Cost 
Total Payload - 25 Million Lb 
ILRV (Operational P h i  1 osophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (operational Phi losophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
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Table A-116 
Total Program Cost Summary 
45 K Concept "M" (Millions o f  1969 Dollars)  
Total Payload - 2.5 Million Lb 
ILRV (Operational P h i  1 osophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Phi losophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Inves tmen t Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operati onal Phase 
































































MCDONNELL DOUGLAS ASTRONAUTICS 
REPORT MDC E0109 
































REPORT MDC E0109 
2 MARCH 1970 
' : i  
! 
1 FOLLOW ON 
STUDY Optimized Cost/Performance Design Methodology 
Table A-1 17 
Total Program Cost Summary 
45 K Concept "W (Millions of 1969 Dollars)  
I 
Total Payload - 15 Million Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Ope r a t  i onal Phase 
Total Program Cost 
Intermedi a t e  (Operational Philosophy: 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Total Payload - 25 Mi l l i o n  Lb 
ILRV (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
Total Program Cost 
Intermediate (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Inves t m e n t  Phase 
Operational Phase 
Total Program Cost 
Current (Operational Philosophy) 
Contract Definit ion Phase 
RDT & E Phase 
Investment Phase 
Operational Phase 
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Table A-118 
RDT&E, Contract Definit ion Phase Cost Summary 
12.5 K Concept "MI' (Millions of 1969 Dollars)  
1 




Program Office Management 
Subtot a1 
Subto t a l  
Total Contract Definit ion 
RDT&E Phase 
Subsystems Design & Development 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
J e t  
Orbi t  Maneuver 
A t t i  tude Control 
Main Boost 
Total Propulsion 
Total Subsystems DAD 
AGE & Special Test Equipment 
Launch Faci 1 i ti  es 
Trainers & Si mu1 a to r s  
System Integrat ion 
Sys tem En gi nee ri n g 
Wind Tunnel  Test 
S t a t i c  Fire Test 
Ground Test Hardware 
F1 i gh t Test Hardware 
F l igh t  Test Hardware Spares 
Mock ups 
Horizontal Fl ight  Test ing 
Vertical F l igh t  Testing 
Ref u rbi s hmen t 
Total Basic RDT&E 
Total System Integrat ion 
Pro jec t  Management 
Fee 
Program Office Management 
Subtotal 
Sub t o t  a1 
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Table A-1 19 
RDT&E, Contract Definition Phase Cost Summary 
25 K Concept I ' M "  (Millions of 1969 Dollars)  
Contract Definit ion Phase 
Basic Cost 
Pro jec t  Management 
Fee 
Program Office Management 
Subto t a1 
Subto t a l  
Total Contract Definit ion 
RDT&E Phase 




Avi oni cs 
Propulsion 
Jet  
O r b i t  Maneuver 
Atti tude Control 
Main Boost 
Total Propulsion 
Total Subsystems D&D 
AGE & Special Test Equipment  
Launch Faci 1 i ties 
Trainers & Simulators 
System Integrat ion 
Sys tem En gi nee ri n g 
Wind Tunnel Test 
S t a t i c  Fire Test 
Ground Test Hardware 
F1 i gh t Test Hardware 
F1 i ght Test Hardware Spares 
Mockups 
Horizontal F1 i ght Testing 
Ve rti cal Fl  i gh t Tes ti n g 
Ref u rb i  s hmen t 
Total Basic RDT&E 
Total System Integrat ion 
Pro jec t  Management 
Fee 
Program Office Management 
Subtotal 
Sub t o t a l  
Total RDT&E Phase 
ORbITER 
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Table A-120 
RDT&E, Contract  D e f i n i t i o n  Phase Cost Summary 
45 K Concept ''M" ( M i l l i o n s  o f  1969 D o l l a r s )  
r 
Contract  D e f i n i t i o n  Phase 
Basic Cost 
P r o j e c t  Management 
Fee 
Program O f f i c e  Management 
Subtot a1 
Sub t o t  a1 
Tota l  Contract  D e f i n i t i o n  
RDT&E Phase 
Subsystems Desi gn & Development 
Thermal /S t ruc ture  
Power Supply 
ECLS 
Avi o n i  cs 
Propuls ion 
J e t  
O r b i t  Maneuver 
A t t i  tude Control  
Main Boost 
To ta l  Propuls ion 
Total  Subsystems D&D 
AGE & Special Test Equipment 
Launch Faci 1 i t i e s  
Trainers & Simulators 
System I n t e g r a t i o n  
Sys tern En g i  nee ri n g 
Wind Tunnel Test 
S t a t i c  F i r e  Test 
Ground Test Hardware 
F l i g h t  Test Hardware 
F1 i ght Test Hardware Spares 
Mockups 
Hor izon ta l  F l i g h t  Tes t i ng  
V e r t i c a l  F l i g h t  Tes t ing  
Ref u r b i  s hmen t 
Tota l  Basic RDT&E 
Tota l  System I n t e g r a t i o n  
P r o j e c t  Management 
Fee 
Program O f f i c e  Management 
Sub t o t a l  
Sub t o t  a1 
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Table A-121 
Investment Phase Cos t Summary 
(Millions of 1969 Dollars) 
12.5 K Concept "M",2.5 M L B  Total Payload Delivered, 10 Years 
ILRV P h i  1 osophy 
Thermal /Structure  
Power S up p 1 y 
ECLS 
Avi oni cs 
Propul si on 
Final Assembly & Checkout 
Sus t a i  n i ng Engineering 
Sustaining Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quantity of Vehicles 
Intermediate Philosophy 





Final Assernbly & Checkout 
Sustaining Engineering 
Sustaining Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty of Vehi cl  e s  
Current Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i  ng Engi neeri ng 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 















































































































































12.5 K Concept "M", 8 M LB Total Payload 
ORBITER ILRV P h i  1 osophy 
Power Sup p 1 y 17 
ECLS 6 
Avi on i cs 47 
Propul si on 37 
Sus t a i  n i  ng Engineering 30 
Sus t a i  n i  n g Tool i n g 10 
Ini t i  a1 Spares 12 
Fee 27 
Total 292 
Total Cost 295 
Quanti ty  of Veh i cl  es 3 
Intermediate Philosophy 
Thermal /Structure  476 




Final Assembly & Checkout 132 
Sustaining Engineering 126 
Sustaining Tooling 49 
Project Management 13  
Fee 153 
Total 1687 
Total Cost 1704 
Quant i ty  of Vehicles 22 
Thermal /Structure  1149 
Power Supply 240 
ECLS 82 
Avi oni cs 71 4 
Propulsion 624 
Final Assembly & Checkout 30 7 
Sustaining Engineering 237 
Sustaining Tooling 105 
Ini t i  a1 Spares 1 84 
Project  Management 24 
Fee 36 7 
Total 4033 
Program Office Management 40 
Total Cost 40 73 
Quant i ty  o f  Vehicles 62 
Thermal /Structure 80 
Final Assembly & Checkout 23 
Project  Management 3 
Program Office Management 3 
Ini t i  a1 Spares 73 
Program Office Management 17 
Current P h i  1 osophy 
MCDONNELL DOUGLAS 
A-1 36 
REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodology 
Delivered, 10 Years 
BOOSTER TOTAL 
121 201 


















71 8 958 
178 31 0 





281 6 4503 
28 45 
2 844 4548 
28 50 








36 3 547 
36 60 







STUDY Optimized Cost/Performance Design Methodology 
Table A-123 
Investment Phase Cost Summary 
(Millions of 1969 Dollars) 
15 M LB Total Payload Delivered, 10 Years 12.5 K Concept "H" 
ILRV P h i  1 osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i ng Engi neeri n g 
S us t a i  n i ng Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 







Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 







Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini ti a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 

















































































































































REPORT MDC E0109 
2 MARCH 1970 Optimized CostlPerformance Design Methodology 
Table A-124 
Investment Phase Cost Summary 
(Millions of 1969 Dollars) 
12.5 K Concept "M", 25 M LB Total Payload Delivered, 10 Years 
ILRV Philosophy 
The rma 1 / S t ruc t u  re 
Power Supply 
ECLS 
Avi on i cs 
Propul si on 
Final Assembly & Checkout 
Sus t ai  n i  ng En g i  neeri n g 
Sustaining Tooling 




Program Office Management 
Total Cost 
Quant i ty  of Vehicles 




Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini  t i  a1 Spares 
Project  Man a gemen t 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty  of Vehicles 
Current Philosophy 
The rmal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propul s i on 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 













































































































































FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodology STUDY 
Table A-125 
Investment Phase Cost Summary 
(Millions o f  1969 Dollars)  





Avi on i cs 
Propul si on 
Final Assembly & Checkout 
Sus t a i  n i  ng Engineer ing 
Sustaining Tooling 




Program Office Management 
Total Cost 







Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
h i  t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Current Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  n g Tool i ng  
Ini ti a1 Spares 
Project  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 





































































































REPORT MDC E0109 
2MARCH 1970 
0 pt i m ized Cos t/Perf ormance Design Methodo I ogy 
Table A-126 
Investment Phase Cost Summary 
(Millions of 1969 Dollars) 
25 K Concept " ~ ~ " ,  8 M LB Total Payload Delivered, 10 Years 
ILRV P h i  1 osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni  cs 
Propul si on 
Final Assembly & Checkout 
Sus t a i  n i  ng Engineering 
S us t a i  n i ng Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
In termedi a t e  P h i  1 osophy 




Propul si on 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  o f  Vehicles 
Current P h i  1 osophy 




Propul s i  on 
Final Assembly & Checkout 
Sus t a i  n i  ng Engi neeri ng 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti t.y of Vehicles 












































































































































FOLLOW ON REPORT MDC E0109 
STUDY Optimized Cost/Performance Design Methodology 
Table A-127 
Investment Phase Cost Summary 
(Millions of 1969 Dollars)  
25 K Concept "M"J5 M LB Total Payload Delivered, 10 Years 




Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i  ng Engi neeri n g 
Sustaining Tooling 




Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Intermediate Philosophy 






Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehicles 






Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
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REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodology 
Table A-128 
Investment Phase Cost Summary 
(Millions of 1969 Dollars) 
25 K Concept I'M", 25 M LB Total Payload Delivered, 10 Years 
ILRV P h i  1 osophy 
Thermal / S t ruc t u  re 
power sup p 1 y 
ECLS 
Avi on i cs 
Propul si on 
Final Assembly & Checkout 
Sus t a i  n i ng En gi nee ri n g 
Sus t a i  n i  n g  Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty  of Veh i cl  es 
Intermediate Philosophy 
Thermal /Structure  
Power supply 
ECLS 
Avi on i cs 
Propul si  on 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tool i n g  
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Current P h i  1 osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 
Quanti t v  of Vehicles 
- 












































































































































FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Optimized CoWPerformance Design Methodology STUDY 
Table A-129 
Investment Phase Cost Summary 
(Millions o f  1969 Dollars) 
45 K Concept "#",2.5 M LB Total Payload Delivered, 10 Years 
ILRV Philosophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propul si on 
Final Assembly & Checkout 
Sustaining Engineering 
S us t a i  n i n g Too 1 i n g 
I n i t i a l  Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 






Propul si on 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quantity of Vehicles 
Current P h i  1 osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i  ng Engi neeri ng 
Sustaining Tooling 
Ini ti a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 




































































































REPORT MDC E0109 
2MARCH 1970 Optimized CoWPerformance Design Methodology 
Table A-130 
Investment Phase Cost Summary 
(Mi 11 ions of 1969 Dol 1 a r s  ) 
45 K Concept "Mi', 8 M LB Total Payload Delivered, 10 Years 
ILRV Philosophy 
Thermal /Structure  
Pawe r Supply 
ECLS 
Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i  ng Engineering 
Sustaining Tooling 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quantity of Vehicles 
Intermediate Philosophy 




Propul si  on 
Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  ni n g  Tool i n g  
Ini  ti a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quantity of Vehicles 
Current P h i  1 osophy 
Thermal /Structure  
Power Supply 
ECLS 
Avi oni cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i  ng Engi nee ri ng 
Sustai ning Tooling 
Ini ti  a1 Spares 
Project  Management 
Fee 
To t a l  
Program Office Management 
Total Cost 















































































































































FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design me tho do lo^ STUDY 
Table A-131 
Investment Phase Cost Summary 
(Millions o f  1969 Dollars) 
45 K Concept "M",  15 M LB Total Payload Delivered, 10 Years 
ILRV P h i  1 osophy 





Final Assembly & Checkout 
Sus t a i  n i ng Engineering 
Sus t a i  n i  n g  Tool i ng  
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty  of Veh i cl  es 
In termedi a t e  P h i  1 osophy 
Thermal /Structure  
Powe r S up p 1 y 
ECLS 
Avionics 
Propul si on 
Final Assembly & Checkout 
Sustaining Engineering 
Sus t a i  n i  ng Tool i ng 




Program Office Management 
Total Cost 
Quant i ty  of Vehicles 
Current Philosophy 
The rma 1 /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i  ng Engi neeri ng 
Sustai n i  ng Tool i ng 
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quant i ty  o f  Vehicles 












































































































































REPORT MDC E0109 c 
Optimized Cost/Performance Design Methodology 




Investment Phase Cost Summary 
(Millions of 1969 Dollars) 
45 K Concept I ' M " ,  25 M L B  Total Payload Delivered, 10 Years 
ILRV P h i  1 osophy 
The rmal /Structure 
Power S up p 1 y 
ECLS 
Avi on i cs 
Propulsion 
Final Assembly & Checkout 
Sus t a i  n i ng Engi neeri n g 
Sustaining Tool i ng  
Ini t i  a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
Quanti ty  of Veh i cl  es 
Intermediate Philosophy 
The rmal /Structure  
Power Sup ply 
ECLS 
Avionics 
Propul si  on 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini  t i  a1 Spares 
Project  Management 
Fee 
Tot a1 
Program Office Management 
Total Cost 
Quanti ty  of Vehicles 
Current Philosophy 
The rmal /Structure  
Power Supply 
ECLS 
Avi on i cs 
Propul si on 
Final Assembly & Checkout 
Sustaining Engineering 
Sustaining Tooling 
Ini  ti a1 Spares 
Project  Management 
Fee 
Total 
Program Office Management 
Total Cost 
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REPORT MDC E0109 
2 MARCH 1970 
FOLLOW ON 
STUDY Optimized Cost/Performance Design Methodology 
Table A-133 . _  
Operational Phase Cost Summary 
(Millions o f  1369 Dollars) 
12.5 K Concept " M " ,  2.5 M LB Total Payload Delivered, 10 Years 
ILRV (203 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & F a c i l i t y  Maintenance 
Re eo ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustai n i  ng Spares 
Recert i f icat ion 
Fee 
Program Office Management 
Total Operations 
Intermediate (205 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Faci l i ty  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti fi cation 
Fee 
Program Office Management 
Total Operations 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Faci l i ty  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recert i f icat ion 
Fee 































































































































REPORT MDC E0109 
2 MARCH 1970 
Optimized CostlPerformance Design Methodology 
Table A-134 . _  
Operational Phase Cost Summary 
(Millions of 1369 Dollars) 
12.5 K Concept I'M", 8 M LB Total Payload Delivered, 10 Years 
ILRV ( 650 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Suppor t  
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech S u p p o r t  & Sustaining Engr 
S u s t a i n i n g  Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 656 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support  
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 662 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recer t i f ica t ion  
Fee 
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REPORT MDC E0109 
2MARCH 1970 
FOLLOW ON 
STUDY ptimized Cost/Performance Design Methodology 
Table A-135 . -  
Operational Phase Cost Summary 
(Mill ions of 1369 Dollars) 
12.5 K Concept "Mi' 15 M LB Total Payload Delivered, 10 Years 
ILRV ( 1218 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech S u p p o r t  & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Offi ce Management 
Total Operations 
~~ 
Intermediate ( 1231 Launches) 
Launch Operations 
Propel 1 an ts  
Launch Area Suppor t  
Training & Mission Suppor t  
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti fi cat ion 
Fee 
Program Office Management 
Total Operations 
Current ( 1 238 Launches ) 
Launch Operations 
Propel 1 ants  
Launch Area S u p p o r t  
T ra in ing  & Mission Suppor t  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 































































































































REPORT MDC E0109 
2 MARCH 1970 
FOLLOW ON 
STUDY Optimized Cost/Performance Design Methodology 
Table A-136 . -  
Operational Phase Cost Summary 
(Millions of 1369 Dollars)  
12.5 K Concept "M",  25 M LB Total Payload Delivered, 10 Years 
ILRV (2030 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Facil i t y  Maintenance 
Recovery 
Trans po r t a t  i on 
Tech Suppor t  & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 2051 Launches) 
Launch Operations 
P rope 1 1 an ts  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
S u s t a i n i n g  Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
C u r r e n t  ( 2061 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support  
Training & Mission S u p p o r t  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recer t i f ica t ion  
Fee 
































































































































REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodology 
Table A-137 . -  
Operational Phase Cost Summary 
(Mill ions of 1369 Dollars) 
25 K Concept " M " ,  2.5 M LB Total Payload Delivered, 10 Years 
Launch Operations 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Program Office Management 
Total Operations 
Launch Operations 
Training & Mission Support 
Sustaining Spares 
Recerti f i  cat ion 
Launch Opera t i  ons 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recer t i f ica t ion  
Fee 










































ELL DOUGLAS ASTRONAUTICS 
FOLLOW ON 
STUDY 
REPORT MDC E0109 
2 MARCH 1970 
Optimized Cost/Performance Design Methodology 
Table A-138 . -  
Operational Phase Cost Summary 
25 I< Concept " M " ,  8 M LB Total Payload Delivered, 10 Years 
(Mill ions o f  1369 Dollars) 
ILRV ( 325 Launches) 
Launch Opera t i  ons 
Propel 1 ants 
Launch Area Support 
Training & Mission Suppor t  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Suppor t  & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total  Operations 
Intermediate ( 328 Launches) 
Launch Operations 
Propel 1 an ts  
Launch Area S u p p o r t  
Tra in ing  & Mission S u p p o r t  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech S u p p o r t  & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
Current (332 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recer t i f ica t ion  
Fee 





























































































































FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Opt~mized Cost/Performance Design Methodology STUDY 
Table A-139 . -  
Operational Phase Cost Summary 
(Millions of 1369 Dollars) 
25 K Concept "M", 15 M LB Total Payload Delivered, 10 Years 
ILRV ( 609 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Suppor t  & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Offi ce Management 
Total  Operations 
Intermediate ( 615 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area S u p p o r t  
Training & Mission S u p p o r t  
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
~~ 
Current ( 621 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Suppor t  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support 81 Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
































































































































REPORT MDC E0109 L i FOLLOW ON 
STUDY 2 MARCH 1970 Optimized Cost/Performance Design Methodology 
Table A-140 . .  
Operational Phase Cost Summary 
(Millions of 1369 Dollars) 
25 K Concept " M " ,  25 M LB Total Payload Delivered, 10 Years 
ILRV (1015 Launches) 
Launch Operations 
P rope 1 1 an ts 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech S u p p o r t  & Sustaining Engr 
S u s t a i n i n g  Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 1025 Launches) 
Launch Operations 
P rope 1 1 an ts  
Launch Area Suppor t  
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti fi cat ion 
Fee 
Program Office Management 
Total Operations 





























Launch Ope r a t i  ons 
Propel 1 ants  
Launch Area Support 
Training & Mission Suppor t  
Age & Fac i l i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sus ta i  n i ng  Spares 
Recerti f i  cat ion 
Fee 


































































































FOLLOW ON REPORT MDC E0109 
2 MARCH 1970 Opt~mized Cost/Perforrnance Design Methodology STUDY 
Table A-141 .~ 
Operational Phase Cost Summary 
(Millions of 1969 Dollars) 
45 K Concept " M " ,  2.5 M LB Total  Payload Delivered, 10 Years 
ILRV ( 57 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Suppor t  & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total  Operations 
Intermediate (57 Launches) 
Launch Operations 
P rope 1 1 an ts 
Launch Area S u p p o r t  
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Recovery 
Transportal3 on 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
Current ( 59 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
S u s t a i n i n g  Spares 
Recerti f i  cation 
Fee 
Program Office Management 
Total Operations 
\ 






























































































































REPORT MDC E0109 
2 MARCH 1970 Optimized Cost/Performance Design Methodology 
Table A-1 42 
Operational Phase Cost Summary 
(Millions of 1369 Dollars) 
45 K Concept "M", 8 M LB Total  Payload Delivered, 10 Years 
ILRV ( 181 Launches) 
Launch Opera ti ons 
Propel 1 ants  
Launch Area Support 
Training & Mission Support  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Suppor t  & Sustaining Engr 
Sus t a i  n i  ng Spares 
Recert i f icat ion 
Fee 
Program Office Management 
Total  Operations 
Intermediate ( 182 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Suppor t  
Training & Mission Suppor t  
Age & Fac i l i t y  Maintenance 
Re co ve ry 
Transportation 
Tech Support & Sustaining Engr 
Sus t a in ing  Spares 
Recerti fi cat ion 
Fee 
Program Office Management 
Total Operations 
Current ( 185 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support  
Training & Mission Suppor t  
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support  & Sustaining Engr 
Sustaining Spares 
Recerti f i  cation 
Fee 































































































































FOLLOW ON REPORT MDC ,E0109 
2 MARCH 1970 
Optimized ~ o s t / P e r f ~ m a n c e  Design Methodology STUDY 
Table A-143 . -  
Operational Phase Cost Summary 
(Mil'lions of 1369 Dollars) 
45 K Concept " M i ' ,  15  M LB Total Payload Delivered, 10 Years 
ILRV ( 339 Launches) 
Launch Operations 
Propel 1 ants  
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sus t a i  n i  ng Spares 
Recerti f i  cat ion 
Fee 
Program Office Management 
Total Operations 
Intermediate ( 342 Launches) 
Launch Operations 
P rope 1 1 an ts 
Launch Area Support 
Training & Mission Support 
Age & Faci 1 i t y  Maintenance 
Recovery 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recer t i f ica t ion  
Fee 
Program Office Management 
Total Operations 
Current ( 346 Launches) 
Launch Opera ti ons 
Propel 1 ants 
Launch Area Support 
Training & Mission Support 
Age & Fac i l i t y  Maintenance 
Re cove ry 
Transportation 
Tech Support & Sustaining Engr 
Sustaining Spares 
Recerti f i  cat ion 
Fee 






























































































































REPORT MDC E0109 
2MARCH 1970 Optimized Cost/Performance Design Met~odology 
Table A-144 . -  
Operat ional  Phase Cost Summary 
( M i l l i o n s  o f  1369 Dollars) 
45 K Concept "M", 25 M LB Tota l  Payload Del ivered, 10 Years 
ILRV ( 564 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T ra in ing  & Mission Support 
Age & F a c i l i t y  Maintenance 
Re cove ry 
Transpor tat ion 
Tech Support & Susta in ing Engr 
Sus t a i  n i  ng Spares 
Recer t i  f i ca t i on  
Fee 
Program Off ice Management 
To ta l  Operations 
Intermediate ( 570 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T ra in ing  & Mission Support 
Age & F a c i l i t y  Maintenance 
Recovery 
Transpor tat ion 
Tech Support & Susta in ing Engr 
Susta in ing Spares 
Recer t i  f i ca t i on  
Fee 
Program Office Management 
To ta l  Operations 
Current (575 Launches) 
Launch Operations 
Propel 1 ants 
Launch Area Support 
T ra in ing  & Miss ion Support 
Age & F a c i l i t y  Maintenance 
Re cove ry 
Transpor tat ion 
Tech Support & Susta in ing Engr 
Susta in ing Spares 
Recer t i  f i  ca t i on  
Fee 
Program Off ice Management 




























































































1 .2  
27.3 
77.1 
610.6 
121 -1 
99.8 
1762.7 
951 .1 
(231.9) 
334.3 
13.6 
27.2 
202 .o 
164.6 
32.7 
129.6 
5955.4 
721 .2 
511.9 
9043.7 
2054.7 
(234 .O) 
908.4 
26.6 
62.1 
204.0 
178.4 
45.5 
244 .O 
9563.3 
1266.2 
872.6 
15416.9 
